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May I sincerely thank you for the honor of acting as: your presiding 
officer at this meeting. It is an office both unsolicited and unexpected but 
one which will ever remain a high light in the professional life of the recipient. 

The subject of my address to you is influenced, as, indeed, are most 
of our thoughts and plans these days, by our active participation in the war. 
Our whole social structure is profoundly affected and is being remoulded 
to allow us more adequately and effectively to do our part. One aspect 
we feel is the impact of war on medical education and particularly on graduate 
education, and, with your indulgence, I shall consider some of its effects 
and consequences on surgical education and point out what seem to me 
important principles to maintain in our post-war medical educational program. 

No such discussion is of the slightest value unless we win the war, and 
to that object the medical men of the allied countries are giving all of their 
energy and talents. “The tradition of service has always been fundamental 
in the practice of medicine but is never more in evidence than in time of 
war. The responsibilities of family, teaching, and practice are overnight 
transferred to active service by those whose youth and virility permit, while 
the older and less active attempt to become younger and more active in 
all useful duties on the home front. Medical men of the United States and 
Canada have reason to be proud of their participation in the wars of their 


* Presented before the American Surgical Association, Cincinnati, Ohio, May 13- 
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countries, and the essential necessity and quality of their services have 
always been recognized. We have come a long way from the beginnings 
of our medical service in war when, in 1775, the Provincial Congress in 
anticipation of war, and as one of its first acts of preparation for war, 
authorized the purchase of fifteen surgeons’ chests, hoping to have one 
assigned to each regiment. At the time of the Revolutionary War there 
were but two medical schools in the United States (Philadelphia, 1765, 
New York, 1760) both of which closed during the war and, up to that time, 
less than fifty medical degrees had been given by them. There were, how- 
ever, a number of Scotch and English doctors (among them Hugh Mercer, 
James Craig, and St. Clair) who had settled in America and who volun- 
teered for service, although most of them accepted commissions in the line. 
To bear evidence of the quality of the medical men of those days, we 
are proud to remember that six doctors signed the Declaration of Inde- 
pendence, six became Brigadiers and several Major Generals. The First 
Provincial Congress of Massachusetts had twenty-two medical men as 
members, two of the outstanding being Joseph Warren and Benjamin Church. 

The participation of medical men of the United States in the First 
World War is still fresh in the memories of many of us. There were 31,501 
of them commissioned officers. Dr. George Brewer, in his presidential 
address, in 1920, recounted the services of this Association. One hundred 
and seven of our members held commissions in our own or allied armies. 
Fifty-seven served in France; 22 were decorated for meritorious service ; 
ten received citations; and 47 served in front areas during one or more 
great battles. 

It will, therefore, be of little surprise that about 47,000 doctors have 
accepted commissions in this war. From our own society fifty are com- 
missioned officers ; and many others are serving in an advisory capacity. The 
complete record must be left to a later and more complete summary. 

The effect of war on medical education is the tendency to lower standards 
in the preliminary education of medical students, to accelerate their medical 
instruction, and to greatly reduce graduate education. All of these factors 
hold the threat of lowering the quality of medical education which, in 
turn, limits the effectiveness of the medical man both in war and _ peace. 
While perhaps in a degree necessary because of war, the threatened cur- 
tailment of premedical education strikes at the very foundations of educa- 
tion for, in order for the physician of the present or future to take his proper 
place in our social structure, he must not only write plainly and read under- 
standingly but he must have some knowledge of what has happened to the 
world in the past in order to help build soundly for the future. Doctors 
today play an important role in prescribing for society and its institutions 
as they re.ate to public health as well as to care for bodily ills. 

The accelerated medical curriculum leaves no time for the student to 
interest himself in other than routine work, and the short period of intern- 
ship and greatly curtailed resident system obviate to a large degree training 
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and investigation carried out in the scientific laboratories. Our middle- 
aged group of surgeons who have attained their graduate training have 
been promptly and properly inducted into the Army and Navy, with a 
consequent disorganization of many of our hospitals, teaching, and dispensary 
staffs that leaves the older ones of us in the saddle doing our best to carry 
on with the determination to maintain our medical instruction at the highest 
level possible, and to prosecute investigation in problems arising in war 
medicine. The most serious results to medical education lie in the curtail- 
ment of a sufficient period of graduate training and especially as it relates 
to continuation of training in the fundamental science branches as applied 
to surgical problems. 

If the war lasts several years, there will go out into military service 10,000 
to 20,000 young medical men who have had no other graduate training than 
one year of internship. Canada’s effort to recall from military service some 
of the most promising young medical men to teaching hospitals for a year 
of resident training, as a reward for meritorious service, is a worthy one 
and is now being considered by our Navy. This would not only serve as 
a reward for outstanding service but would render a picked group further 
education which would be of signal service to the Army and Navy but 
would insure to post-war medicine a needed lift in quality. 

On the assets side of the war ledger are many human values as well as 
some educational ones. In addition to the pride of service during war, our 
young medical men in war will soon develop a sense of organization under 
trying conditions, will become more self-reliant, will develop the power of 
quick decision, and will place a high value on the simple fundamentals of life 
as loyalty, self-sacrifice, and team work, which go far to develop a sound 
viewpoint which from now on will be of necessity a world viewpoint. Never 
before have circumstances and inclination combined more effectively to solid- 
ify our North American ideals, policies, and scientific objectives. 

With the war won, and our medical men returned to peace time activities, 
we will be faced with many difficult problems for solution of which I shall 
only consider the continuation of graduate training. The mental unrest 
following sustained war effort, the change of pace and objective in the day's 
work, the necessity of reestablishment of home and sustenance, the changed 
emphasis on the values of life will make for temporary disorganization in the 
lives of our returning medical men, but we should not forget it is to that 
group that we must look for the medical leadership in the post-war days. 
The outstanding men in surgery during the past twenty years were practically 
all men who had risen to their responsibilities in war service in the First World 
War. We must see to it that for a similar group returning from this war 
important posts are made available in our medical schools and hospitals and 
that they are made to feel our confidence in their ability to reestablish and 
maintain high medical educational standards. A very large group of men 
having had one year of internship will go to war without resident training. 
Some of these men will continue active professional work in Army or Navy 
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assignments but many will return to civil life with more worldly but little 
medical experience. It is to be hoped that from this group many can be 
chosen for resident training or be given assignments in the fundamental 
science laboratories so that their war age-group may be given the educational 
advantages which provide the creative and imaginative mind with the neces- 
sary tools for advancement of our knowledge in medicine. 

The selection of such a group for further training will test our most 
mature judgment, for the factors of their experience and ability in war surgery 
must be weighed in the balance with available facilities and the proper 
number of carefully trained specialists deemed essential in our medico-social 
structure. Above all, training of specialists requires, more than ever before, 
thorough grounding in the basic sciences. 

It may not be without interest to briefly trace the importance of funda- 
mental science training in the development of surgery as a_ specialty. 
While surgery has been practiced from the earliest times, as we know from 
the description of trephining and splinting in the 17th Century B.C. Smith 
Papyrus (which itself was a copy of an ancient Egyptian manuscript), the 
main incentive to the development of surgery was the care of war casualties. 
Hospitals appeared from 1100 to 1700, and there was an increasing tendency 
to train surgeons in them. The history of St. Bart’s Hospital, London, 
founded in 1123, gives an impressive procession of such events. A certain 
amount of surgical specialism developed in bloodletting, treatment of fistula 
by John Ardene (1306-90), and cutting for stone by Cheselden (1688-— 
1752). It was as late as 1731, however, that the Royal Academy of Surgery 
of Paris was founded, which was entirely devoted to surgery and, in 1745, 
that the surgeons of England split entirely from the Barbers’ Guild. 

Scientific surgery was brought to London by William and John Hunter. 
Before their time surgery was an art dealing with individuals, as the late 
Sir Darcy Powers so aptly said. William Hunter gave his first course of 
anatomy in 1746, and founded the Great Windmill Street School of 
Anatomists. Numbering among its pupils were Hewson, Sheldon, Cruik- 
shank, and Ballie, and resulting from its work were definite advances in 
our knowledge of the circulatory and lymphatic systems. Its teachings pro- 
duced surgeons of the caliber of Abernathy, Astley Cooper, and John 
Hunter, of London, Hey, of Leeds, and our own Philip Syng Physick, of 
Philadelphia. John Hunter and his pupils took a wide view of surgery, 
and in their studies explored the architecture of the bodies of animals as well 
as man, and founded a school of surgery that was devoted to investigation 
and advancement of knowledge mainly through anatomic and_ pathologic 
channels, for at that time chemistry was in its infancy and physics was 
first beginning as a science, and the compound microscope was not in use. 

In the Royal College of Surgeons in Edinburgh is now housed the col- 
lection of anatomic dissections of Sir Charles Bell. His interest and inves- 
tigations in the anatomy of the nervous system, carried on for fifteen years 
in the Great Windmill Street School, resulted in the description of both 
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the external respiratory nerve and peripheral seventh nerve palsy in 1821. 
Later his “Anatomy of the Brain” gave an entirely new concept to the physi- 
ology of nervous tissue. 

In France and Germany continuing wars were a hindrance to the develop- 
ment of scientific surgery but developed great technical surgeons, as Dupuy- 
tren, Larrey, and Bardeleben. Working as an assistant to Dupuytren was a 
young man who observed with interest and curiosity that the application 
of Dupuytren’s spur-crushing clamp applied to the open end of opposing 
loops of bowel did not cut through the bowel to cause peritonitis. He pondered 
on what caused the opening surfaces of the bowel to agglutinate. As a result 
of many experiments on animals, Lembert described, in 1826, the agglutina- 
tion of opposing peritoneal surfaces by fibrin, and devised the Lembert 
suture, which principle has made gastro-intestinal surgery possible. 

Largely as a result of the inspiration and training acquired in these first 
beginnings of scientific surgery in London, Edinburgh and France, Morgan, 
Shippen and Rush founded the first medical school in this country in Phila- 
delphia in 1765. The Warrens became the leaders of surgery in Massachu- 
setts, founded Harvard Medical School in 1783 and the Massachusetts 
General Hospital in 1811, which later, in 1846, in Warrens’ Clinic, became 
the setting for the first public demonstration of ether anesthesia. McDowell 
returned from Edinburgh to Kentucky to perform the first ovariotomy in 1809. 

Samuel D. Gross, a founder and first president of this Association, pub- 
lished, in 1828, a translation of Boyle and Hollard’s “Manual of General 
Anatomy” followed, in 1830, by a book of his own, “The Anatomy and 
Physiology and Diseases of Bones and Joints,” which he said was “to dis- 
charge in part that debt which, according to Lord Bacon, every man owes 
to his profession.” 

The development of the science of physics gave great impetus to the 
development of eye surgery when, in about 1831, von Helmholz invented 
the ophthalmoscope. A young group of well trained general surgeons, by 
their scientific attainments, placed ophthalmic surgery on a_ high level. 
Argyl Robinson, who became the great eye surgeon of his time, was first 
a house surgeon and later taught physiology. 

Surgical pathology made great progress after the development of the 
compound microscope, from 1812 to 1830, and schools of thought developed 
around Virchow and, later, Cohnheim in Germany, Billroth, in Vienna, and 
Sir James Paget, in England. Students were attracted from many parts 
of the world and they, in turn, spread the gospel of sound pathological 
training as fundamental to good practice of medicine. 

As late as 1864 the causes of fermentation, putrefaction, and suppuration 
in wounds was unknown, and in that year Pasteur exploded the theory of 
spontaneous generation as a cause of putrefaction. This fundamental work 
almost immediately attracted the attention of Joseph Lister, whose early 
education may be of some interest in emphasizing the importance of training 
in the basic sciences in preparing the creative clinician. 
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Joseph Lister (born in 1827) had an illustrious father, a merchant by 
occupation, but with many scientific interests. He was especially concerned 
- with the development of the acromatic lens of the microscope. In his 
medical education Lister early came under the guidance of Sharpey in 
physiology and, later, Nolan in chemistry, both of whom had a great in- 
fluence in his understanding of wound healing. He then had a sound course 
of clinical instruction under James Syme, Professor of Surgery at Edinburgh. 
His earliest papers in Edinburgh were on duration of vitality in tissue, early 
stages of inflammation, gangrene, coagulation of the blood, the function and 
structure of nerves regulating contraction of arteries—all basic studies 
which reflected the breadth of his thought and training. In Glasgow he had 
a large service in traumatic surgery and became intimately acquainted with 
the consequences of infection and the enormous mortality following wounds 
or surgical operations. A most natural reaction was his interest in, and study 
of, the distressing sequelae of wound infection, gangrene, and death. There- 
fore, following Pasteur’s announcement and during the incumbency of the 
Edinburgh chair (1869-77) he was largely concerned in working out the 
principles and details of the antiseptic methods which revolutionized surgical 
procedures. Pasteur’s work found Lister in an advantageous position to 
appreciate the importance of his work as it related to wound infection. 
Lister’s contributions were no accident but were made possible by his train- 
ing in basic science, and found him with the tools in his hands to apply 
Pasteur’s great discovery to the prevention and treatment of wound infection. 

Due largely to the extraordinary work of Pasteur and Lister and aug- 
mented materially by further contributions in bacteriology, pathology, physi- 
ology, and chemistry by Koch, Virchow, Johannes Mueller, Claude Benard 
and Liebig, antiseptic and then aseptic surgery became firmly established 
in the last half of the 19th Century. During the lifetime of most of us 
there has developed with startling rapidity the extension of surgery to every 
part of the body, bringing new problems for solution, both fundamental 
and technical, which has resulted in the greatest wave of specialism surgery 
has ever seen. In addition to the older specialties, neurosurgery, thoracic 
surgery, plastic surgery, vascular surgery, and reconstruction surgery have 
made progress that has been phenomenal. As one would expect, the most 
important contributions have come from men who have had the broadest 
training in general surgery, surgical principles, and in the basic sciences. 
All of us have been witnesses and many of you have been participants in the 
advance in our knowledge of shock, hemorrhage, coagulation of the blood ; 
maintenance of fluid balance, blood electrolites and plasma protein; wound 
healing; transplantation of tissues; treatment of infections, decompression 
of the gastro-intestinal tract; surgical bacteriology; pathology and growth 
phenomena of tumors of the bone, gastro-intestinal tract, lung, and ductless 
glands. We have also witnessed visualization of the gastro-intestinal, biliary 
and urogenital tracts, blood vessels, lung, and brain, but to mention some 
of the most important contributions. 
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The wide diversities of interest or specialism in surgery is but a natural 
outcome of its increased horizon and to maintain a proper prospective in its 
proceedings, the American Surgical Association has in recent years elected 
to its membership leaders in the various fields of special surgery. This 
policy should be continued for it affords this Association an opportunity to 
assume leadership in influencing further and proper development of spe- 
cialized surgery. The danger of inbreeding specialism rears its head where 
specialists train specialists to the point of attrition of sound general principles. 
This can be avoided by insisting that specialism should be synonymous with 
maturity based on training in the fundamentals both scientific and technical, 
which so often leads to advance in knowledge. 

The establishment of American Boards for certification of specialists 
surely had these principles in mind. In Generai Medicine, the requirement 
of broad training in general medicine before certification of specialists in 
cardiology, gastro-enterology, allergy, etc., must be preceded by certification 
by the Board of General Medicine. In surgery, however, the only special 
group required to have prior certification in general surgery are the proc- 
tologists. This does not and should not infer that the surgical specialty 
boards are not in complete accord as to the value of training in the basic 
sciences and principles of surgery. It does indicate, however, that we have 
gone our respective ways without having established a common denominator 
in requirements of basic training which is essential to all surgery. Could we 
not with profit to the future value of our surgical certifying boards meet 
together with an object of unifying our standards for surgical training and 
to take a firm position against the establishment of additional specialty boards 
until we have well integrated our present problems. As a first step in 
indicating our mutual belief in the value of training in the basic sciences, 
would it not be well to consider giving a single examination for all the 
surgical specialty boards covering principles of surgery as wound healing, 
hemorrhage, coagulation of the blood, thrombosis, anesthesia, surgical infec- 
tions, fluid balance, as well as concepts of anatomy, physiology, chemistry, 
bacteriology, and pathology as applied to surgery in general. This examination 
would be but a preliminary requisite to the other examinations required and 
given by the several surgical specialty boards but would at once tend to unify 
our requirements in the fundamentals. [I am sure we are all interested, first 
of all, in developing sound surgeons whose subsequent interest in special 
fields will be tempered with breadth of vision so essential to sound progress 
and the establishment of new frontiers. As an encouraging beginning, the 
American Boards of Orthopedic Surgery and General Surgery are now dis- 
cussing the desirability of having a single preliminary examination in funda- 
mentals which candidates must pass before taking the further examinations 
required by each of the two Boards. 

As an added impetus to keeping our medical instruction as well as our 
specialties firmly based on the fundamental sciences, I have felt for a long 
time that our medical curriculum should be reorganized to still further merge 
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the preclinical and clinical years. Theory and practice could well be closer 
integrated. As we now plan to give our most promising residents and 
-associates additional training in the fundamental sciences so that they may 
have at their command the science methods so necessary in the study of 


basic aspects of disease, why should not the fundamental science depart- 
ments in turn send one or more of their well trained young men into the 
wards of our teaching hospitals? There they would find already established 
for study living pathology of tumor growth, ulceration of the gastro- 
intestinal tract, stone formation, circulatory disease, problems relating to 
ductless glands, anesthesia, and all varieties of infections, to mention but a 
few of theeproblems awaiting solution. The stimulating and regulating effect 
of the study of disease by clinician and fundamental scientists working side 
by side is well known to medical lore. One has but to peruse that delightfully 
written “Short History of Cardiology,” by James B. Herrick, to appreciate 
the role that anatomy, pathology, physics and clinical bedside knowledge has 
played in intimate teamwork in advancing our knowledge and recognition of 
diseases of the heart and circulatory system. After describing the mutual 
stimulation afforded to Rokitansky, the pathologist, and Skoda, the clinician, 
in their work, he quotes Rokitansky’s remarks on relinquishing the chair of 
pathology to the effect that his work in pathologic anatomy was only the 
foundation for scientific investigation in the sphere of medicine and a basis 
for a science of pathologic physiology. 

The classic study of the physiologic aspects of arteriovenous aneurysm, by 
Sir Thomas Lewis, was carried out on patients. The outstanding physiologic 
contributions of Ivy, Mann and Best on the stomach, liver and blood coagula- 
tion, have enlisted the enthusiastic cooperation of the clinical departments and 
have pointed the way to further fact-finding studies in which scientific labora- 
tory methods can be applied to the living patient. 

It has never seemed to me entirely sound to have our science departments 
so often divorced from our teaching wards. In clinical teaching we have 
long since abandoned the dry quiz class exercises dealing with theory and 
more and more have introduced our students to patients in the wards in 
whose study and care they have taken an increasing part. In addition to the 
clinical investigation carried on by our own staff men in our hospitals and 
laboratories, would it not be helpful and stimulating to student, staff and 
science worker alike to have the latter also carrying on investigative work in 
our hospital wards in the field of his choice? As Helmholtz, the eminent 
physiologist and physicist said: “The purpose of science is to comprehend 
reality, for the investigator wishes to know what his work has done for 
the great problems of human life.” It would be hard to deny that it would 
be profitable to bring the fundamental study of anatomy closer to clinical 
medicine. It is my impression that there are relatively few teaching hospitals 
where the bacteriologic study of surgical infections and so-called routine 
hacteriologic examinations reach a high level of exactitude. It is not possible 
in every clinical department to have clinicians fundamentally trained and 
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with sufficient free time to adequately cover the possibilities for study of 
disease from the anatomic, physiologic, bacteriologic, chemical and pathologic 
standpoints, and it seems logical to me to develop more of an overlap of 
interest in problems of the sick patient between clinical and science depart- 
ments. I venture to suggest that this closer integration between theory and 
practice in medicine would be easier to attain if the heads of our science de- 
partments were doctors of medicine as well as holders of degrees in their 


respective science departments. 

In the post-war days, when funds for graduate training will undoubtedly 
be less, it would also be economically sound to promote an overlap in the 
interests and activities of clinical and fundamental science departments which 
would in no way interfere with their basic functions but which would pro- 
mote an even exchange of personnel who are interested in investigation. The 
value of such contacts to the student clerk in the ward would surely broaden 
his viewpoint and emphasize the importance of scientific companionship in 
care of the patient and study of his problems. 

It is significant that other professions are experimenting with the idea 
of bringing their students studying theory into contact with practice. For 
some years the University of Cincinnati has sent their student engineers 
from a period of work in college out into industry for a few months and 
has then brought them back to the laboratory. Northwestern University 
has recently dedicated a large engineering school to that system of instruc- 
tion. Mr. Kettering, of the General Motors research staff, speaking on 
that occasion, emphasized the importance of this principle due to the varia- 
tions occurring in the application of theory to practice as well as to the 
understanding of the human elements involved. Basic advances in medicine 
in the past have been the result not only of creative but well trained minds. 
It is probably beyond human understanding to develop the former but it 
is possible to afford opportunities for sound training in the fundamental 
sciences as well as in technical fields. 

It is my thesis that in the difficult post-war days, a large share of our 
funds and efforts should be expended in giving such opportunities to as many 
worthy candidates as possible; that our surgical specialties should mutually 
maintain a broad base in fundamental science requirements in an effort to 
keep their viewpoint a wide one. It is my hope that we may seriously discuss 
the feasibility and desirability of bringing theory and practice closer together 
in our medical curriculum. 

The long, hard grind to obtain a sound training may discourage some 
but the stout heart which condones no short cuts will recognize the advan- 
tage of quality in training. The ‘young man planning for his graduate train- 
ing in surgery should be helped to realize how important it is that he should 
come into active participation in clinical surgery not only with a knowledge 
of his subject from the diagnostic and technical side but should bring as a 
part of his tools for work a special knowledge of one or more of the 
fundamental sciences of medicine which at once will give him a useful 
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background for the study of some basic aspect of disease. Equally applicable 
to prosecution of the war for the maintenance of freedom and our way of 
life as well as to our efforts to maintain and improve eae standards 
are the words from “Pilgrim’s Progress.” 


“Some have thought there may be a passage forthwith to their 
father’s house with no more hills and valleys to go over, but the way 
is the way and let this suffice.” 


In conclusion, I wish it were given to me to adequately express this 
Association’s pride in and admiration for the young men and women of our 
country who, at home and in distant lands, are carrying on the finest tradi- 
tions of service. A while back we were inclined to worry about our younger 
generation and their reactions to our unsettled society. Today we have 
occasion to bless them not only for their deeds but for the realization that our 
country and its institutions are safe indeed in their hands. Sharing fully in 
their valor and high service are our colleagues in medicine now in the armed 
forces. Today we especally salute our fellow members of the American 
Surgical Association who are giving all of their energy and talents to the 
problems centering around prevention of disease and the rehabilitation of 
our sick and wounded. They are writing another worthy chapter in the 
annals of this Association. 


THE STUDY OF THE PREVENTION OF INFECTION IN 
CONTAMINATED ACCIDENTAL WOUNDS, 
COMPOUND FRACTURES AND BURNS* 


Frank L. Meteney, M.D.+ 


New Yorx, N. Y. 


Two YEARS AGO, at a meeting of the American Surgical Association, a 
paper was read by title which outlined a plan for the study of war wounds. 
The plan called for ten units in as many different cities, each unit to be fully 
equipped with clinical and laboratory facilities to care for and study cases of 
civilian accidental wounds, compound fractures and burns which would simu- 
late war casualties. All of the wounds were to be treated basically by as com- 
plete a surgical débridement as possible. The débrided tissue was to be sent to 
the laboratory for a complete analysis of the bacterial flora. A limited number 
of different kinds of local and general treatment, with a proper series of 
controls, were to be employed to appraise, if possible, the newer chemo- 
therapeutic agents in the prophylaxis and in the treatment of wound infection. 
Careful observations and records were to be made of the course of wound 
healing and particularly of any evidence of infection. If infection developed, 
its nature and etiology was to be determined by further laboratory studies 
and the cause of the failure of the preventive measures was to be analyzed. 
A carefully prepared summary sheet was planned to contain all of the avail- 
able data from the record of the case which might indicate what factors 
favor or minimize the development of infection. These data could then be 
transferred to punch cards for statistical analysis. 

Six months later the plan was finally approved by the Committee on 
Medical Research of the Office of Scientific Research and Development but 
it was limited to eight of the original ten units. Before the personnel could 
be mobilized and equipment purchased, Pearl Harbor was bombed and we 
were at war. The question of the best way to use the new chemotherapeutic 
agents in war wounds still remained unanswered because it had been im- 
possible to evaluate the drugs in England. The rapid evacuation of patients 
from hospital to hospital in a centrifugal manner had made it difficult to 
follow cases from the beginning to the end of the treatment. 

On February 1, 1942, the eight units began to function. The original 
plan was altered to a considerable extent by the reports which came back 
from Pearl Harbor. Observers who saw the casualties there were pro- 
foundly impressed by the low incidence of wound infection, which they 
believed to be due to the copious application of sulfanilamide to the wounds. 


* Read before The American Surgical Association, Cincinnati, Ohio, May 13-14, 1943. 

+ Representing the Subcommittee on Surgical Infections of the National Research 
Council, and the responsible investigators of the Contaminated Wound and Burn Project. 
under the Committee on Medical Research of the Office of Scientific Research and Devel- 
opment, Doctors Guy Caldwell, Warfield Firor, Charles Johnston, Sumner Koch, John 
Lockwood, Perrin Long, Champ Lyons, Roy McClure, Alton Ochsner, Mont Reid, and 
Frank Meleney, Chairman. 
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Our original plan called for observation on control cases without drugs and 
other controls receiving treatment with local bacteriostatic agents other than 
the sulfonamides. But, said the Pearl Harbor observers: “You cannot with- 
hold from these patients the benefit of the sulfonamide drugs.” 

Instead of twelve different categories to cover the whole field as we 
originally planned, we reduced the range of our investigation to one principle 
method of treatment, with one optional control. In so doing, it was recognized 
that we might have all of our eggs in one basket and find, after a period of 
time, that the basket would fall and the eggs be broken. 

During the period of our delay, sulfadiazine had come into use. It was 
found to be less toxic than sulfanilamide, less nauseating ‘than sulfapyridine, 
and less likely to block the kidneys than sulfathiazole. Its range of anti- 
bacterial activity was thought to be as wide as any of the other drugs and 
it was, therefore, decided upon as the drug of choice for systemic adminis- 
tration. For local application it was decided to use equal parts of sulfa- 
nilamide and sulfadiazine powder on the theory that the sulfanilamide in a 
concentration of 1000 mg.% would ‘be active for several days before it was 
absorbed. The more slowly absorbable sulfadiazine would then continue to 
act over a long period of time, possibly as long as ten or fourteen days. 

Seven of the eight units undertook to study all three of the major categories 
of injuries, namely, soft-part injuries, compound fractures and burns, while 
the eighth concentrated on burns. 

With regard to burns there were strong advocates for three different 
methods of treatment. These were (1) the tannic acid method; (2) the 
vaseline compression dressing method; and (3) the sulfadiazine in triethan- 
olamine spray. A fourth experimental method was permitted each of the units. 

No attempt was made to dictate procedures. The surgeons were directed 
to perform as complete a débridement of the wounds as possible, but beyond 
that they were given full liberty to decide other details of the treatment. 
In those units in which non-drug treated controls were used, every care was 
taken that there should be no selection of control or treated cases but that 
they should alternate regularly. 

Great care was taken to make accurate observations and careful records 
so that we would know just how the cases were handled. It was decided 
that all those having the care of the patient should determine, as a group, 
whether or not infection had developed and whether it was trivial or serious. 
The criteria of infection included not only the bacteriologic findings but the 
clinical evidence of inflammation, namely, redness, swelling, pain, fever, 
undue exudate, necrosis of tissue, or delay of wound healing. There may 
have been differences of opinion on individual cases but we believe that, on 
the whole, the personal equations have been pretty well neutralized. As 
the responsible investigators of the different units have gathered in Washing- 
ton to talk over their experiences, it has been obvious that all of the units have 
had similar experiences and remarkably similar results. 

The summary sheets were completed as soon as possible after the healing 
of the wound had taken place. Preliminary reports were sent in on all com- 


172 


Volume 118 INFECTION IN WOUNDS AND BURNS 


Number 2 
pound fractures within two months and changes have been incorporated later 
in the record if infection or delayed bone healing supervened. 

As the records came in, the data were transferred to punch cards and 
were then analyzed according to common factors. For the most part, it was 
possible to divide the case into two or three groups within each category, for 
example, they were separated into those having maximum and those having 
minimum gross contamination and similarly maximum and minimum tissue 
damage. Those operated upon within three hours were compared with those 
operated upon after three hours. With regard to wound closure, three groups 
were compared, namely, wounds left open, wounds partially closed and 
wounds completely closed. And so forth with all of the factors which we 
thought might play a role in favoring or minimizing the incidence of 
infection. _In each of these groups the number and percentage of trivial 
and serious infections have been determined. As the summary sheets steadily 
accumulated in the central office the number of cases in each group steadily 
mounted and it became necessary to apply the statistical formula which bio- 
statisticians use to determine whether percentage differences are statistically 
significant or may be due merely to chance. 

The records from the first 1500 cases have been summarized in the present 
report. These include 682 wounds of the soft parts, 471 compound fractures, 
and 347 burns. Each group has been dealt with separately, although they 
have much in common when it comes to a consideration of those factors 
which tend to favor or minimize the incidence of infection. These factors 
inherent in wounds and burns have been well known to surgeons for a long 
time, and they have known many ways of aiding nature to ward off infection. 
A study of this kind would not be warranted at this time if some new method 
of combatting infections had not come to light which must be thoroughly 
evaluated with respect to war wounds and burns. 

With the advent of the newer chemotherapeutic agents, the surgeon 
now has the opportunity of applying to the wound surfaces or administering 
internally a bacteriostatic agent. However, these may not be used without 
some risk of toxicity to the blood forming organs, liver and kidneys. Further- 
more, it is known that certain conditions may be present in wounds and burns 
which may inhibit the bacteriostatic action of these drugs. 

The results are shown in the accompanying table. 

TABLE I 


INCIDENCE OF INFECTION IN 1500 CASES DIVIDED INTO THE THREE MAIN CATEGORIES 


Soft-Part Wounds 


Totals % Infected 
Compound Fractures 
Burns 
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SOFT-PART WOUNDS 

We find an incidence of 16.5 per cent of infection in soft-part wounds as a 
whole with twice as many trivial as serious infections. There is no clear- 
cut division between these two groups, for one shades off into the other, 


TABLE II 


PERCENTAGE OF INFECTION IN COMPARABLE GROUPINGS IN 682 SOFT-PART WOUNDS 


% Infected 
Serious Trivial 


Totals 


3405 8. 0* 13.2 
Minimum gross 437 4.4* 9,2 
Goeration before three hours. ...... 4134 3.4* 10.7 
Minimum washing.................. 5024 4.6* 8.4 
Partial or complete closure with tension..................-.... 554 14.7° 16.4 
Partial or complete closure without tension. . . 375% pa 8.8 

403% 11.2 


# Data incomplete. 
* Statistically significant. 


Serious infections are associated significantly with shock, with heavy gross 
contamination and with severe tissue damage. Operation after three hours, 
incomplete débridement and prolonged washing are associated with a high 
incidence of infection. The figures for prolonged washing are surprising. 
These results may indicate that washing of a dirty wound before débridement 
may disseminate the organisms throughout the wound, and irrigation all 
during the operation may wash organisms in from the surrounding skin and 
further damage tissue. Wounds which are partly closed showed a higher 
figure than either those left open or those completely closed. This may mean 
that partial closure frequently had sutures under tension or the surgeon had 
grave doubts that the wound should be closed. In this series the com- 
pletely closed wound cases were ten times as numerous as those left open 
or those partially closed. Closure under tension, when that was noted, 
frequently seemed to play a major role in the occurrence of infection. Tendon 
repair cases show a high rate of infection and the sulfonamide drugs have 
not lowered this rate. By every method of grouping these cases from the 
point of view of chemotherapy, we can find no evidence that either sulfa- 
nilamide or equal parts of sulfanilamide and sulfadiazine locally or sulfa- 
diazine generally with or without the local use of drugs have cut down the 
incidence of local infection. It is true, however, that the incidence of 
septicemia or of death is extremely low in this series and it may be fairly 
stated that the spread of infection from the local site has been minimized, for 
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INCIDENCE OF INFECTION IN DRUG TREATED CASES AND IN COMPARABLE CONTROLS IN 682 SOFT-PART WOUNDS 


TABLE 


Totais % Infected 

Local Sulfanilamide and Sulfadiazine in equal parts..................... 188 

223 


cases which have become infected either during the administration of drug or 
without preliminary drug treatment have all been given systemic sulfonamide 
treatment, if, and when, they could tolerate it. 
TABLE IV 


SOFT-PART WOUNDS 
Death from Infection, 2—Both Wounds Closed 


Total 682 


Case I Case II 

Avulsion of scalp. Stab wound of chest, abdomen, 
diaphragm, stomach. 

Débridement, closure with tension. Débridement, closure without 
tension. 

Sulfadiazine generally. 

Meningitis Empyema 

24th+ 3rd 

Principle organisms.......... Coag.-pos. staph., B. pyocyaneus Hemolytic strept., Group F. 


There were only two deaths from infection, or 0.3 per cent. One 
developed meningitis on the 24th day after an avulsion of the scalp. No 
primary drugs were used. The other died on the third day following a 
stab wound of chest, diaphragm and stomach from a Group F. hemolytic 
streptococcus emphyema. Primary drug was used, both locally and generally. 


TABLE V 


SHOWING THE NUMBER OF CASES YIELDING HEMOLYTIC STREPTOCOCCI IN THE DEBRIDED TISSUE, THE NUMBER 
IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A 
NEW CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 


Soft-Part Wounds—682 


Débrided Tissue ; Persisting New 
‘ Total % Infected Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. Ser. Triv. 
Hemolytic Strep..........: 36 16.7 25.0 5 40.0 60.0 12 41.6 25.0 
2 Se a 29 20.7 27.6 5 40.0 60.0 11 36.4 27.3 
MO, 14.0 0 0 0 1 100.0 0 
ee rt eee 26 15.4 30.8 4 25.0 75.0 11 36.4 27.3 
INO 20.0 10.0 1 100.0 0 1 100.0 0 
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10 4.9 
‘ General Sulfadiazine without local 81 


Pathogenic Gram-neg. 
Aerobic Bacilli...... 


TABLE VI 
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Soft-Part Wounds—682 


Débrided Tissue 


Total % Infected Total 
Ser. Triv. 

Coag.-Pos. Staph. Aureus.... 58 8.6 19.0 15 
8.7 21.8 14 
No gen’l. sulf........... 12 6.3 8.3 1 
45 6.7 22:2 14 


TABLE VII 


Persisting 


% Infected 
Ser. 
20.0 
14.3 

100.0 
14.3 
100.0 


Soft-Part Wounds—682z 


Débrided Tissue 


Persisting 


Triv. 
60.0 
64.3 

0 
64.3 


No. gen’l. sulf 


Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. 
162 8.6 12.3 27 33.3 37.0 
114 9.6 14.0 21 33.3 42.9 
48 6.3 8.3 6 33.3 16.7 
“93 10.7 1 21 33.3 42.9 


No local sulf.......... 


Clostridium Welchii...... 
Noe. genl. sulf......... 
No local sulf.......... 


Anaerobic Cocci........ 
Gen’l. sulf........ 
No. gen’l. sulf......... 


TABLE VIII 


TABLE IX 


33.3 


16.7 


Débrided Tissue Persisting 
Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. 
67.5 10 40.0 20.0 
sc ae 10.7 16.0 10 40.0 20.0 
0 0 0 0 
<a 10.4 16.4 9 44.4 22.2 
3.8 20.0 1 0 0 


TURES, WITH AND WITHOUT SULFONAMIDE TREATMENT 
Soft-Part Wounds—682 


Débrided Tissue Persisting 
Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. 
6 732 12.9 5 60.0 20.0 
.. 40 5.0 10.0 4 50.0 25.0 
=o oe 10.0 16.7 1 100.0 0 
11.4 4 50.0 25.0 
8.6 14.3 1 100.0 0 


Total 
44 


36 


8 
34 


10 


Total 


Total 


SHOWING THE NUMBER OF CASES YIELDING COAGULASE-POSITIVE Staphylococcus aureus IN THE DEBRIDED TISSUE, 
THE NUMBER IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM AP- 
PEARED AS A NEW CULTURE, WITIL AND WITHOUT SULFONAMIDE TREATMENT 


New 
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% Infected 


Ser. 
20.4 
22.2 
14.7 
40.0 


SHOWING THE NUMBER OF CASES YIELDING PATHOGENIC GRAM-NEGATIVE AEROBIC BACILLI IN THE DEBRIDED 
TISSUE, THE NUMBER IN WHICH THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE 
ORGANISMS APPEARED AS NEW CULTURES, WITH AND WITHOUT SULFONAMIDE TREATMENT 


Triv. 
59.1 
61.2 
50.0 
64.7 
40.0 


New 

Infected 
Ser Triv. 
36.8 52.6 
$1.2 56.3 
66.7 33.0 
28.6 $7.1 


SHOWING THE NUMBER OF CASES YIELDING Clostridium welchti iN THE DEBRIDED TISSUE, THE NUMBER IN WHICH 
THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW CULTURE, 
WITH AND WITHOUT SULFONAMIDE TREATMENT 


Soft-Part Wounds—682 


40.0 


% Infected 


Ser. 
33.3 


SHOWING THE NUMBER OF CASES YIELDING ANAEROBIC COCCI IN THE DEBRIDED TISSUE, THE NUMBER IN WHICH 
THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE ORGANISMS APPEARED AS NEW CUL- 


Triv. 
33.3 
36.3 

0 
33.3 


0 


New 
Total % Infected 
Ser. Triv’ 
3 33.3 66.7 
3 $3.4 66.7 
0 0 0 
3 33.3 66.7 
0 0 0 


= 
— 
16 
3 
69 5.8 5.8 5 0.0 
New 
| | 
6 
0 0 
6 33.3 
0 0 
( 
S 
d 
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The bacteriology has been interesting and important. We must remember 
always mixed cultures and bacterial synergisms and 


that these are almost 
an important role but certain organisms stand out as 


antagonisms may play 
most important, namely the hemolytic streptococcus, the coagulase-positive 


staphylococci, the pathogenic gram-negative bacilli, the Welch bacillus and 
the anaerobic cocci. These were found in the debrided tissues in many cases 
but in the great majority they did not persist, being removed either by the 
operative procedures or by the local defenses of the body or by both. How- 
ever, in many instances organisms of these same groups appeared in later 
cultures in cases in which they were not originally found. These may have 
been there originally and were not recovered, but the chances are that they 
often represented secondary contamination occurring during the course of 
treatment, -particularly in open compound fractures and burns. We were 
anxious to find out whether the sulfonamides would eliminate the organisms 
found in the débrided tissue and prevent secondary contamination and infec- 
tion, but such was not the case. There was no greater reduction of the 
original contamination nor of the secondary contamination in the drug treated 
cases than in the controls which received no drug. 

COMPOUND FRACTURES 

In discussing the results in compound fractures it should be clearly under- 
stood that we have only considered this problem from the point of view of 
infection. It is recognized that a compound fracture has two elements, 
namely, the break in the bone and the wound of the surrounding soft parts 
and skin. The end-result desired is a normally functioning member, with 
firm bony union and freely contracting muscle around the bone and freely 
moving joints on either end of the fractured bone. This end-result is ma- 
terially altered or delayed by infection within or around the bone or by 
infection in the soft parts. Infection is more likely to occur and is much 
more serious when it develops in a compound fracture than when it develops 
in a soft-part wound. Bone is less resistant to infection than soft parts 
and it is frequently cut off from its blood supply either as a loose frag- 
ment or as the exposed end of the shaft which has been stripped of its 
periosteum, Infection may either develop at once, within the first few days 
after the injury, or start up with the first efforts to obtain full motion of 
the part, or lie dormant for months after the wound has apparently healed 
and suddenly or gradually develop after some trauma or some general 
lowering of resistance. 

In this series the compound fractures have been grouped in many 
different ways according to the common factors and, while in every cate- 
gory there are other factors at work beside the common factor, this seems 
to be the only way in which the significance of these factors can be 


determined. 
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TABLE X 
PERCENTAGE OF INFECTION IN COMPARABLE GROUPINGS IN 471 COMPOUND FRACTURES 


Totals % Infected 


Serious Trivial 
Plaster immobilization....................... 2154 14.0 6.5 


# Data incomplete. 
* Statistically significant. 


We find that shock, maximum gross contamination and maximum 
tissue damage are associated with the most serious infections. Early operation, 
complete wound débridement and prolonged wound washing do not appear 
to play as important roles as with soft-part wounds. The incidence of serious 
infections, when the wounds are closed completely, is less than when the 
wounds are left open or are partially closed. This has been a consistent find- 
ing throughout the study and it seems to be reasonably explained when we 
consider that wounds which are left open, with fractured bone exposed, are 
subject to secondary contamination over a fairly long period of time before 
the bone has had a chance to grow a protective covering of granulation tissue. 


TABLE XI 
INCIDENCE OF INFECTION IN DRUG-TREATED CASES AND IN COMPARABLE CONTROLS IN 471 COMPOUND FRACTURES 


Totals % Infected 
Local sulfanilamide and sulfadiazine in equal parts.................-.... 145 


2.4 
9 


47 13.1 


15.8 
2 5.3 


The combined local and general, or the general, use of sulfonamides 
alone have not lowered the incidence of local infection. Although there 
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Tab_e NII 
COMPOUND FRACTURES 
Total 471 Deaths from Infection, 2. 
Case I Case II 
Tibia, fibula, ilium. Femur, tibia and fibula. 
Partial closure without tension. Partial closure with tension. Plate. 
Plaster. 
Primary drug................ Local sulfanilamide Local sulfanilamide. 
General sulfadiazine General sulfadiazine 
oth 110th 
Principle organisms... Coag.-pos. staph., green strept., Coag.-pos. staph., E. coli, B. pro- 
Cl. bifermentans teus, B. pyocyaneus, Cl. sporo- 
genes. 
Cases requiring, because of infection: 
(b) Weund to be opened for drainage 
(c) Incision for drainage 
(d) Amputation 


are only two cases which died as a result of infection, and these yielded no 
positive blood cultures, a fair number of cases needed secondary surgical 
procedures because of wound infection—5 required excision of dead tissue, 
11 had to have wounds opened up, 15 required a new incision for drainage of 
abscesses, and 16 needed secondary amputation. The two fatal cases both 
had local as well as general prophylactic sulfonamide therapy. 


TABLE XIII 
SHOWING THE NUMBER OF CASES YIELDING HEMOLYTIC STREPTOCOCCUS IN THE DEBRIDED TISSUE, THE NUMBER 
IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW 
CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 
Compound Fractures—471 
Débrided Tissue Persisting New 
Total % Infected Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. Ser. Triv. 
Hemolytic Strep 20.6 37.5 25.0 17 23.5 
Gen’1. sulf 29.1 28.6 14 21.4 
No gen’l. sulf 3 33:3 
Local sulf 13 23.1 
No local sulf 4 75. 25.0 


TABLE XIV 


SHOWING THE NUMBER OF CASES YIELDING COAGULASE-POSITIVE Staphylococcus aureus INTHE DEBRIDED TISSUE, 
THE NUMBER IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM AP- 
PEARED AS A NEW CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 
Compound Fractures—471 

Débrided Tissue Persisting New 
Total % Infected ’ Total % Infected % Infected 
Ser. Triv. Ser. Triv. Ser. Triv. 
Coag.-pos. Staph. Aureus... 41 12.2 19.5 12 33.3 50.0 21.8 
Gen’'l. sulf : 12.5 25.0 11 27.3 54.6 30.3 
No. gen’'l. sulf 17.1 100.0 0 
Local sulf : 10.0 20.0 60.0 
18.2 100.0 0 
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TABLE XV 

SHOWING THE NUMBER OF CASES YIELDING PATHOGENIC GRAM-NEGATIVE AEROBIC BACILLI IN THE DEBRIDED 

TISSUE, THE NUMBER IN WHICH THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE 
ORGANISMS APPEARED AS NEW CULTURES, WITH AND WITHOUT SULFONAMIDE TREATMENT 


Compound Fractures—471 


Débrided Tissue Persisting New 

Total % Infected Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. Ser. Triv. 

Pathogenic Gran.-neg. 

78 23.1 12 50.0 25.0 28 28.6 25.0 
27.6 10.3 7 85.7 0 19 26.3 
|| 20 10.0 15.0 5 0 50.0 9 22.2 22.2 
eee 54 26.0 9.3 6 83.3 0 18 33.3 a 


50.0 30.0 


No local sulf......3....: 16.7 16.7 


TABLE XVI 
SHOWING THE NUMBER OF CASES YIELDING Clostridium welchii IN THE DEBRIDED TISSUE, THE NUMBER IN WHICH 
THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW CULTURE, 
WITH AND WITHOUT SULFONAMIDE TREATMENT 


Compound Fractures—471 


Débrided Tissue Persisting New 
Total % Infected Total % Infected Total % Infected 

Ser. Triv. Ser. Triv. Ser. Triv. 
Clostridium Welchii....... ; 90 24.1 11.1 11 45.5 0 6 33.2 16.7 
_ 68 22.4 13.2 11 45.5 0 4 25.0 25.0 

mo went. 18.2 4.3 0 0 0 2 50.0 0 
61 19.7 9 33.3 0 3 33.3 33.3 

No gulf. 24.1 6.9 2 100.0 0 3 33.3 0 


XVII 
SHOWING THE NUMBER OF CASES YIELDING ANAEROBIC COCCI IN THE DEBRIDED TISSUE, THE NUMBER IN WHICH 
THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE ORGANISMS APPEARED AS A NEW 
CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 


Compound Fractures—471 


Débrided Tissue Persisting New 
Total % Infected Total % Infected Total % Infected 
Ser. Triv. Ser. Triv. Ser. Triv. 
Anaerobic Cocci.......... 55 3.6 14.5 3 0 33.3 6 33.3 16.7 
ae 41 4.9 17.1 3 0 33.3 4 25.0 0 
1. Gulf... ......... 14 0 | 0 0 0 2 50.0 50.0 
32 6.2 21.9 3 0 33.3 4 25.0 0 
0 4.3 0 2 50.0 


With regard to the bacteriology it is seen that there is a higher propor- 
tion of cases yielding hemolytic streptococci, coagulase-positive Stap/y- 
lococcus aureus and Cl welchii than in the soft-part wounds and, further- 
more, that they more often persisted and more often appeared as new cultures. 
The pathogenic gram-negative aerobes did not appear as often initially but 
appeared anew in a much higher percentage in compound fractures than in 
soft-part wounds. The sulfonamides did not particularly favor their elimina- 
tion or prevent their secondary development in the wounds. 


BURNS 
The infection rate in burns is very disturbing, particularly in deep 
second and third degree cases. 
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TABLE XVIII 
PERCENTAGE OF INFECTION IN COMPARABLE GROUPING IN 347 BURNS 


Totals % Infected 
Serious Trivial 
Second degree ; 10.4* 
2nd and 3rd degree 55 30. 3* 
10.0* 
28.9* 
40.0* 
15.8* 
12.4* 
Maximum tissue damage 3f 23.0* 
Minimum tissue damage 31# 12.2° 
Maximum washing 25:1* 
# Data incomplete. 
* Statistically significant. 


As with the other groups of cases, the extent of the involved area, the 
depth of the injury, the intensity of gross contamination and tissue damage 
run parallel with the percentage of infections. 


TABLE XIX 
PERCENTAGE OF INFECTION OCCURRING WITH VARIOUS FORMS OF TREATMENT IN 347 BURNS 
Totals % Infected 
Serious Trivial 
Tannic acid without sulfonamide 204 30. 35.0 
Quebracho-tannin 117 54.5 
Tannic acid with sulfonamide 23# 21; 
Compression dressings 814 13: 
Zinc peroxide with pressure 15# 0 
Saline compresses with pressure 344 14. 
Total sulfadiazine ointment 654 
Total sulfadiazine spray 374 
Total sulfonamide film 164 
314 45. 
General sulfadiazine ak. 
10. 


# Data incomplete. 
* Statistically significant. 

The methods of treatment have varied considerably and great latitude 
has been granted the different units to explore new fields of burn therapy. 
The compression dressing method has stood out as representing the greatest 
proportion of right principles and the lowest incidence of infection. The 
initial dressing containing a bacteriostatic agent has a slight but not clear-cut 
superiority over the simple nonadherent ointments. 

In burns we have a tissue extensively damaged which may contain sulfona- 
mide inhibitors. There is evidence that there may be greater or less absorption 
of the drugs from burned surfaces according to the vehicle in which the sulfona- 
mide drugs are contained. The ideal vehicle has not yet been found. Many 
are being tried. The local drug action may be inhibited while the general 
effect may be obtained from local applications. 

There were only two burn deaths in which infection played an important 
role and these were so extensive that they might have died without infection. 
Both had local and general sulfonamide treatment. 
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Total 347 


General 
Day of death 
Principle organisms 
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XX 
BURNS 
Deaths from Infection, 2. 
Case I 

2nd and 3rd 
Face, trunk, both arms and hands, 
right leg. 
60-70 
Equal parts powder sulfanilamide 
and sulfadiazine. 
Sulfadiazine 
5th 
Coag.-pos. staph., nonhemolytic 
strept., B. pyocvaneus, B. proteus. 
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Case IJ 
2nd and 3rd 
Face, trunk and all limbs. 


60-70 
Fibrinogen, 
zine. 
Sulfadiazine 
28th 
Coag.-pos. staph.,hemolytic strept. 
(Group D), B. pyocyaneus, E. coli. 


thrombin, sulfadia- 


TABLE XXI 
SHOWING THE NUMBER OF CASES YIELDING HEMOLYTIC STREPTOCOCCI IN THE DEBRIDED TISSUE, THE NUMBER 
IN WHICH THIS ORGANISM PERSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM APPEARED AS A NEW 
CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 
Burns—347 
Débrided Tissue 


Persisting New 
— 
Total % Infected % Infected 

Ser. Triv. Ser. Triv. 
50.0 25,0 47.1. 47. 
66.7 33.3 76.9 

33.3 16.7 28.6 

60.0 40.0 $3.3 

42.9 14.3 54.5 


% Infected 
Triv. 
22: 
20. 
26. 


Total 


Hemolytic Strep 
No gen’l. sulf 
Local sulf 


TABLE XXII 
SHOWING THE NUMBER OF CASES YIELi COAGULASE-POSITIVE Staphylococcus aureus 1N THE DEBRIDED TISSUE 
THE NUMBER IN WHICH THIS ORGANISM . ckSISTED AND THE NUMBER OF CASES IN WHICH THIS ORGANISM AP- 

PEARED AS A NEW CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 

Burns—347 

New 
% Infected 

Ser. Triv. 
38.5 38.5 
55.2 24.1 
17.4 56.5 
38.7 38.7 
38.1 38.1 


Débrided Tissue Persisting 
% Infected Total % Infected 
Triv. Triv. 
Coag.-pos. Staph. Aureus... 31. 44. 
Gen'l. sulf 16. 18. 
No. gen’'l. sulf 3: 39. 64.: 
Local sulf ‘ $2. 46. 
No local sulf 30. 41. 


Total 


TABLE XXIII 
SHOWING THE NUMBER OF CASES YIELDING PATHOGENIC GRAM-NEGATIVE AEROBIC BACILLI IN THE DEBRIDED 
TISSUE, THE NUMBER IN WHICH THESE ORGANISMS PERSISTED AND THE NUMBER OF CASES IN WHICH THESE 
ORGANISMS APPEARED AS A NEW CULTURE, WITH AND WITHOUT SULFONAMIDE TREATMENT 
Burns—347 
Débrided Tissue 


% Infected 
Ser. Triv. 


Persisting New 
% Infected % Infected 
Ser. Triv. Ser. Triv. 


Total 


Total 


Pathogenic Gram-neg. 
Aerobic Bacilli 
Gen’l. sulf. 


24.4 
37.2 
10.2 
29.5 


23.3 
18.6 
28.2 


50.0 
56.2 
37.5 
58.3 
41.7 


33.3 
25.0 
50.0 
33.3 
33.3 


45.1 
53.6 
34.8 
52.4 
40.0 


27.5 
28.6 
26.1 
19.0 
33.3 


Per cent of body............: J 
S 
48 2 
28 3 
20 1 
29 3 
19 1 
_ 
16 28 
8 23 
No local sulf...........- 38 18.4 21.1 12 ‘ 30 
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The bacteriologic studies reveal that many of the hemolytic streptococci 
persist in the burned area or come in as new contaminants in the face of local 
as well as general sulfonamide therapy. The staphylococci are the most 
numerous of the pathogens in the persistent and new cultures, but the gram- 
negative aerobic bacilli, particularly the E. coli, B. pyocyaneus and B. proteus 
groups, run the staphylococci a close race. If the problem of infection in 
burns is to be solved it must be concerned with all of these groups of 
organisms. Something must be sought fur which will be effective in halting 
the growth of these organisms in the presence of the dead and damaged 
tissue of burns. 


CONCLUSIONS 


(1) Our studies have indicated the important factors concerned in the 
development of infection in accidental contaminated wounds and burns. 

(2) We have found that the sulfonamides minimize the general spread 
of infections and cut down the incidence of septicemia and death. 

(3) We have no evidence that they lessen the incidence of local infection 
when used as we have employed them. 

(4) If we are going to lessen the incidence of local infection in war 
wounds and burns, some other forms of the sulfonamides or some other 
hacteriostatic agents must be found which will be effective against the 
contaminating organisms in the presence of damaged tissue. 


Discussion.—Dr. Evarts Granam (St. Louis, Mo.): When the Committee on 
Surgery of the National Research Council was organized, in the spring of 1940, one of the 
questions which was put to it by the Surgeon-Generals of the Army and Navy was: “What 
about the use of sulfonamides in battle casualties, in wounds?” 

Shortly before this, the report of Jensen had come out about the beneficial 
effect, as he thought, on compound fractures of the use of sulfanilamide applied 
locally. In order to answer this very important question, and in order to remove 
impressions and emotions and other nonscientific factors as much as possible from 
the study, the subcommittee, of which Dr. Frank Meleney has been chairman, was 
formed, with the idea of making as satisfactory and as closely observant a study of 
the effect of sulfonamides on wounds which simulated battle casualties, as possible. 

Now the result of this study, which was somewhat later in getting started than 
we had hoped that it would be because of various reasons, has, nevertheless, I think 
been brought to rather satisfactory conclusions which you have heard today. I sav 
satisfactory, only from the standpoint of the fact that the study has been made most 
carefully by a considerable number of very competent observers, whose names have 
heen mentioned to you. 

It is unsatisfactory, in the sense that it was disappointing, especially after the 
enthusiastic reports of the success of sulfonamides applied locally, particularly sulfa- 
nilamide, in the wounds at Pearl Harbor. I think almost everyone was led to believe 
that, after all, now we have a panacea which might even perhaps minimize the necessity 
of surgical asepsis. That is certainly not the case. The day of listerism is not yet 
gone. The sulfonamides will not replace surgical asepsis. 

T feel that you who have not been closely associated with this work perhaps can 
hardly appreciate the enormous amount of labor which has gone into it. There is no 
other comparable studv of the effect of sulfonamides on wounds anywhere in the 
world. There is nothing that hegins to compare with the carefulness with which this 
study has heen made. T feel that everyone, not only the American Surgical Association 
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and the Surgeon-Generals, but everyone, should be greatly indebted to this committee 
who have worked so hard for so long a period in arriving at these results which seem 
to be very dependable. Emotions and impressions have been eliminated, and only 
hards facts have been retained. ; 


Dr. Joun S. Lockwoop (Philadelphia) : I am sure that all of the collaborators would 
join with me in expressing here our great appreciation for the enormous amount of labor 
which Dr. Meleney, in particular, has expended on this study. In his responsibility, 
he has not only had supervision of one of the major units in the project, but he also has 
carried the main burden for collecting and tabulating all of these statistics. The con- 
clusions which he has presented here today are, I believe, joined in unanimously by the 
Subcommittee on Surgical Infections and by the other investigators. 

It might be said that Dr. Meleney has set an exceedingly high standard. From 
the very beginning he has expressed unwillingness to be satisfied with anything other 
than complete prevention of infection in traumatic wounds. I think all of us have hoped 
that that ideal might be closely approximated, but as time has gone on, we have become 
increasingly aware of the fact that no measure designed simply to deal with bacteria in 
wounds is likely completely to achieve this high ideal, unless, of course, an agent could 
be found which would destroy all of the contaminating bacteria. 

In accounting for the failures of sulfonamide, several observations might be ap- 
propriate: First, as Dr. Meleney pointed out, these infections were not for the most 
part, systemic, invasive infections. They were local, and the area involved in the infec- 
tion in the majority of cases was closely delimited to the area of the wound. Further- 
more, most of the infections—at least those that occurred in the project under my super- 
vision—were delayed. They did not show up as acute fulminating infections, but ap- 
peared five, seven, or eight days after wound closure. The infections were most common 
in those wounds in which delayed healing might have been expected by reason of poor 
adjustment of physiologi¢ factors. I am reminded of Arey’s important monograph on 
wound healing, in which, after pointing out the three main phases of wound healing, 
namely, the refractory stage, the destructive stage, and the reparative stage, he states 
that the critical stage of wound repair from the standpoint of inféction is the destructive 
stage; and the infections that occurred in spite of sulfonamides were those that developed 
during the destructive phase. The factors which encouraged bacterial activity were 
retention of products of tissue injury, tension, and incomplete obliteration of dead space. 

Furthermore, the very same factors which will tend to delay healing and complicate 
the wound repair, are also factors. which tend to inhibit sulfonamide action. Perhaps 
we cannot find an ideal sulfonamide. If we find a drug which, on the one hand, will 
not produce local foreign body reaction but will disappear from the wound, that 
particular drug will not be active after five, six, or seven days—the time at which many 
of these infections develop. In all probability we will not be able with sulfonamides 
to eliminate the infections which develop because of poor physiologic adjustments in 
the wound. We cannot expect any more of the sulfonamides than that they will 
delay bacterial growth under conditions where their action is not inhibited. Therefore, 
the outcome of this study certainly justifies a continuing recognition of the predominant 
importance of surgical management and of physiologic factors in relation to wound 
healing and wound infection. At the same time, it points out the fact that the problem 
of deaths from infection in traumatic wounds should be very significantly minimized 
with sulfonamides. 

Nothing that has been said about the lack of effectiveness of sulfonamides under the 
conditions used in this clinical experiment, should contradict the wisdom of the practice 
of employing sulfonamides routinely in battle casualties, during the period between 
injury and the time the casualty reaches the hospital for definitive treatment. The 
problem there is different from the problem which we studied in these wound study 
projects. and if the multiplication of bacteria in the wound fluids can be delayed for 
even a few hours during the transport of the wounded subject from the field of injury 
to the hospital, that should significantly reduce the likelihood of postoperative infection. 
This is entirely beside the point of whether or not sulfonamides should be used in the 
wound if, and when, the wound is closed. 

We have plenty of evidence to support the wisdom of the directive, both in the 
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Army and in the Navy, against routine closure of traumatic wounds. If any of us needed 
to learn the wisdom of that decision, I think we have the evidence. 

Finally, there remains every reason to believe that sulfonamide therapy properly 
used in cases with established infections will be definitely of value, and we now have in 
penicillin what appears to be an even more powerful weapon in dealing with staphylo- 
coccic and Clostridium welchii infections. 


Dr. Martixn B. Tinker (Ithaca, N. Y.): Wound excision in contraindication to 
débridement in connection with the treatment of infected wounds has not been given the 
attention it seems to deserve today. On January 27, 1909, the Medical Society of the 
State of New York had a symposium on fractures, participated in by Drs. Harvey Cush- 
ing, Lewis Stimson, and Charles Scudder, in which I, as a young surgeon, at that time, 
presented a paper on contaminated compound fractures. At that session I proposed the 
excision of wounds, for removal of contaminated areas, without injuring important 
structures. Damaged areas were outlined by packing the wound first with gentian violet 
and pure carbolic acid; the wound was then excised, avoiding great vessels, nerves, and 
other important structures. 

The case of a brakeman on the New York Central Railroad, who stepped in front of 
a slowly moving freight car loaded with brick to set the brakes, was reported. This man 
slipped, fell with his arm across the rail, and the loaded car passed over his arm, crush- 
ing the humerus and seriously contaminating the wound. He has a useful arm, and, 
although he has a flail joint, he is working for the Eastman Kodak Company, in Roches- 
ter, N. Y., at the present time. This man was demonstrated in Brooklyn, at the 
Academy of Medicine. 

Another instance. A farmer was brought to me, whose patella was fractured by 
the kick of a horse. The knee joint was opened, and was contaminated with horse 
manure. The wound was disinfected and stained, and the wound excised and closed. 
The man recovered perfect use of his knee. 

For experiments, the Department of Physiology, at Cornell University, gave me ani- 
mals which they had chloroformed and sacrificed. Various wounds, which were definitely 
contaminated by resistant bacterial cultures. The wounds were excised after packing with 
staining and disinfecting gauze. Sections taken, and bacteriologic cultures, were proved 
free of contamination. These cases, with others, were also reported after World War I, 
at the meeting of the Military Surgeons at New Orleans, April 22-24, 1920. 

The more thorough method of wound excision antidates débridement, as used by La 
Maitre, several years. No other method has excelled the results of wound excision for 
serious injuries. 


Dr. J. Atpert Key (St. Louis, Mo.) : I do not know where it is—it may be the un- 
wieldiness of the series, or it may be in the punch-card system—but there is something 
wrong somewhere. I am perfectly convinced, and this is not emotion, that any report of 
a series of cases which concludes that the rational implantation of sulfonamides in con- 
taminated wounds after they have been properly débrided does not lower the incidence of 
infection in these wounds, is wrong, provided the débridements and the after treatment 
are equivalent. 

This is a monumental piece of work, backed by a lot of able observers, but I think 
that a few years from now they will be ashamed of their conclusions. 


Dr. FrANK L. MELENEY (New York City, closing): I am glad to have Doctor 
Lockwood’s assurance that the other members of the Committee and the other re- 
sponsible investigators approve the presentation of the results and the conclusions 
which we have drawn. I might also say that I think we would all approve of 
his additional remarks. 

With regard to Doctor Tinker’s observations, I would say that the basic surgical 
procedure which we determined upon in the beginning, was that the wounds should be, 
as far as possible, excised, and that is the meaning of the word “débridement” as we 
have used it in this paper. Of course, in many cases this had to be compromised, for 
one reason or another, to preserve important structures, such as blood vessels and 
nerves, or when, for one reason or another, an unsatisfactory or incomplete excision 
had to be resorted to. 
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With regard to Doctor Key, I can only say that in our group, at the beginning of the 
study, we had those who sincerely believed (and I might say that we all hoped), that 
these drugs would materially cut down the incidence of infection. There was no one 
‘in the group who was prejudiced against them. We were simply seeking to find 
out the facts, and we were not trying to prove anything. 

I believe that our whole group has come to this consensus of opinion. We all 
believe that these figures do represent facts and tell the. truth. 

I greatly appreciate Doctor Graham’s favorable comments. I would like to 
state that without the hearty support of his Committee on Surgery, this project 
would never have been initiated or carried forward. I believe that it is only fair 
to report at this time that we all feel that the most efficient unit in this study has 
been the one carried on here in Cincinnati by our good friends Mont Reid and 


William Altemeier. 
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BASIC PRINCIPLES IN THE TREATMENT OF THERMAL BURNS* 
ALLEN O. Wurpp.e, M.D. 
New York, N. Y. 

-ROM THE DEPARTMENT OF SURGERY, COLUMBIA-PRESBYTERIAN MEDICAL CENTER, NEW YORK, N. Y. 

GLOBAL MECHANIZED WARFARE On land, sea, and in the air has resulted 
in an unprecedented number of thermal burns; with a demand for an 
immediate answer to the confused and very debatable question of how 
hest to treat them. This general disagreement in all the combatant 
countries regarding the best therapy, both as first aid and definitive, is 
the result of a number of factors. 

I: The failure, on the part of physicians and surgeons, to understand 
the underlying pathology and disturbed physiology of the burned individual, 
and the differences in the wound caused by a burn and soft-part wounds. 
l1: The failure of those reporting the results of various types of local 
treatment to differentiate between the burns with superficial skin damage, 
so-called second degree burns, and burns resulting in areas with total skin 
destruction, or third degree burns. The second degree burn will heal with 
any form of local treatment provided the burned area is protected from 
contamination and the local application does not destroy the remaining 
epithelial covering. The latter, or third degree burn, will not heal without 
a prolonged period of granulation after separation of slough, and slow 
epithelial spread resulting in contracting scars—unless this period is shortened 


by skin grafting at the earliest favorable time. Infection, sepsis, hypoprotein- 
emia and anemia are common to all untreated, or improperly treated, ex- 
Third degree and mixed second and_ third 


tensive third degree burns. 
degree burns are the real therapeutic problems and are the criteria by which 
every therapy should be judged. III: Failure to appreciate the importance 
of trained and experienced groups of individuals interested in the care of 
burned patients. Special experience is expected of surgeons dealing with 
lesions of the various systems, but the treatment of burns in the majority 
of hospitals is left to inexperienced interns or residents, or to the least 
experienced of the Junior Attendings. The Burn Committees in England, 
Canada and the United States are unanimous in emphasizing the importance 
of well-organized “burn teams” in the care of burn casualties, especially if 
many such cases are to be cared for in military or civilian hospitals. By 
burn team we mean a group made up of a general surgeon, interested in 
problems of infection and wound healing, a physician or technician, thor- 
oughly trained in problems of fluid. protein and electrolyte imbalance, a 
general plastic surgeon—not an oral. or faciomaxillary specialist—with 
experience in skin grafting large granulating areas, a group of trained 
nurses and orderlies, able and willing to stand the stress and strain of 


caring for severely burned patients. 


* Read before the American Surgical Association, May 14, 1943, Cincinnati, Ohio. 


187 


“ALLEN O. WHIPPLE Annals of Surgery 


August, 


IV: The failure to appreciate the importance of “timing” in the sequence 
of events in the pathogenesis, symptomatology and treatment of severely 
burned patients. Dr. Fraser Gurd has so properly and repeatedly emphasized 
this most important factor in the study and treatment of burns. V: The 
one outstanding contribution to burn therapy in preventing and combatting 
shock is the accepted use of plasma instead of salt solution and whole blood. 
This has reduced the mortality of burn casualties, but has saved many 
severely burned cases, with their late and difficult problems of treatment, 
which formerly died in the first day or two after the injury. Late morbidity 
associated with anemia, hypoproteinemia, nitrogen loss with emaciation are 
some of the newer aspects of late survivals and will be discussed by Doctor 
Lund and Doctor Allen. 

VI: The introduction of sulfonamide therapy in the treatment of burns 
has caused more confusion than benefit, because by so many it was looked 
upon, hopefully but unintelligently, as a panacea. These drugs, given 
systemically, have undoubtedly controlled, if not eliminated septicemia and 
bacteriemia in severe burns. But the local use of the sulfonamides has not 
fulfilled the early promise, and the benefits of these amazing drugs will 
depend upon finding their optimum ionization and py in proper media when 
used with sound surgical principles and with due consideration of the under- 
lying pathology of the burned areas. 

Wounds resulting from burns differ from soft-part wounds in many 
respects. As a rule they are more extensive; cause more damage to the 
important protecting tissue, the skin; expose a greater surface area to 
contamination. But this injured surface is at first sterilized by the heat 
producing the burn and offers a better opportunity for protection from 
contamination if prompt and intelligent means are used to provide a 
protective covering over the burned surface in the initial treatment. In 
the severe burns, with areas of total destruction of the skin, gangrene of 
tissue takes place which has to be sloughed off before repair by granulation 
and epithelization can occur. If these areas are extensive, the patient 
develops infection, anemia, hypoproteinemia and nitrogen imbalance that is 
seen in any extensive process of repair following extensive gangrene of tissue. 

The edema of, and absorption from, a burned area differs from a soft- 
part wound or injury in a very interesting manner. The studies of 
Drinker, ? and his associates, and of McMaster,” * have recently established 
experimental evidence of great importance both from the standpoint of patho- 
genesis and therapy. In experimentally produced burns it has been shown 
that there is a very marked increase in the capillary permeability in the 
periphery of the burned area as well as in the rate of lymph flow away 
from this zone. But of greater importance, Drinker has shown that there 
is a marked delay in the production or liberation of thromboplastic sub- 
stance in the burned area as compared with that found in crushed tissue 
or soft-part wounds. What the cause of this delay is, is only conjectural. 
Does the heat of the burn affect the thermolabile thromboplastic substance ? 
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Is it because the normally present preenzyme is destroyed and subsequently 
is brought to the area from other parts of the body ? 

It is only after eight to ten hours that the lymph flow from a burned 
area begins to slow down as a result of coagulation of the blood and lymph 
in the injured tissue. Were it not for this excessive flow of lymph and 
interstitial fluid away from the area, i.c., fluid which has left the hyper- 
permeable capillaries to go into the intercellular spaces, a very much more 
marked edema of the burned area would take place. Drinker has demon- 
strated this by the immediate blocking of lymph drainage from a dog’s paw, 
that has been placed in boiling water for two minutes, by injecting muscle 
extract into the burned area. The lymph recovered from a burned area has 
been shown to contain a strong vasoconstrictor substance. Studies by 
Drinker, and his associates, and by Alrich and Lehman, as yet unpublished, 
have demonstrated this vasoconstrictor substance in high dilutions. May 
this not be a definite cause of the secondary shock that appears in extensive 
burns within the first ten hours after receipt of the burn? 

This increased lymph flow from the burned area for the first few hours 
after the receipt of the burn is of great significance in the delayed localization 
of infection which follows contamination of a burned surface and emphasizes 
the importance of taking every precaution against early contamination, 
especially by the hemolytic streptococcus and staphylococcus usually spread 
from the unsterile hands and unmasked noses and throats of those applying 
the initial protective dressings. 

Drinker has also demonstrated that if an animal’s paw, after such 
an exposure to boiling water, is immediately encased in a plaster of 
paris jacket, the edema does not take place and the lymph flow is markedly 
decreased as the result of this lack of edema. This, of course, means a 
great reduction in the plasma loss from capillary leakage into interstitial 
tissue spaces, and a corresponding lack of shock due to plasma loss. Gan- 
grene of the tissues is far less in the plaster-encased paw than in the 
control with unbandaged paw. ‘These studies explain the efficacy of firm 
pressure dressings that has been so ably emphasized by Allen and Koch,® 
Siler,=> Owens,’ and others, and that, as a basic method of treatment is 
coming to be more generally accepted. 

Considering these essential characteristics of the pathology of burns, 
the basic and simple principles of therapy may be summed up as follows: 
The most important early general complication is plasma volume loss as a 
result of plasma leakage into the interstitial spaces. This can be largely 
prevented by firm pressure bandaging and controlled by plasma transfusion. 
The prevention and treatment of shock in every severe burn, superficial 
or deep, is the first indication and should precede any definitive treatment. 
The most important local complication is infection. Inasmuch, as the burned 
surface is initially sterile, every precaution should be taken to prevent con- 
tamination. This can be accomplished for the most part, by adequate masking 
of nose and mouth and surgical asepsis in applying the initial dressings and by 
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leaving the wound undisturbed thereafter unless infection is evident. This 
initial dressing should be a fine-meshed gauze or tulle gras, impregnated 
with or covering a bland simple ointment or solution that will not damage 
the remaining epithelium. The subsequent dressings, provided the above 
precautions have been used, will depend upon the degree of skin damage. 
If total skin destruction has occurred, dressings to favor the removal of the 
slough as soon as possible, with skin grafting of the entire denuded granu- 
lating area at the earliest favorable time, are the essential considerations. 
Any form of treatment in these total skin burns which tends to seal in 
infection and causes a delay in skin grafting is to be wholly condemned. 
Here, more than in any other type of burn, proper timing is the secret 
of success. 

In estimating the relative efficacy of any new or old treatment for burns, 
it is not the results in superficial burns but in total skin burns that should 
be the criterion. To date, some eighty methods of burn therapy have been 
published. Very few of the authors reporting their results have been intelli- 
gent or careful enough to classify their cases accurately. The studies now 
going on in the several Burn Projects, under the National Research Council 
will, when assembled and analyzed, give invaluable pathologic, bacteriologic 
and therapeutic data on this very important but controversial subject. 

There are a number of new and old methods of local treatment that 
are being carefully studied in the clinics where these Burn Projects are 
functioning. These include the sulfonamide creams and ointments, films of 
several kinds, with and without sulfonamides, the use of the paraffin spray, 
and ultracentrifuged, finely divided particles of clay, known as bentonite, 
made into water-soluble colloidal gels. Some of these preparations, when 
used with an understanding and appreciation of the basic principles of burn 
therapy, will undoubtedly prove valuable. 

Of the dozens of proprietary preparations, especially those with ex- 
aggerated and fantastic therapeutic claims, the less said the better. The 
free advertising that some of these have been given in popular magazines 
is inexcusable and unfortunate, for, as always, they misinform the ignorant 
but innocent public. 

There are a number of new and fundamentally important problems that, 
with further study, will undoubtedly modify and improve the treatment of 
the burned patient. One of these is the problem of nitrogen imbalance that 
is being discussed by Doctor Lund. Another is the discovery of a fluid 
containing protein and electrolyte, of proper molecular make-up, that can be 
used as a substitute for plasma, with all its advantages. Recent experimental 
work in oral sodium therapy by Rosenthal® promises interesting results in 
clinical cases, but there are many phases of this subject, such as the relation 
of serum protein loss to sodium loss and intake that need much more study 
before the experimental results in animals can be correlated with clin- 
ical results. 

Certainly, the therapy of burns is only beginning to be understood, and 
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because of the great and urgent interest in the subject. much progress will 
be niade before the war is over. 
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Discussion.—Dr. SuMNeER L. Kocu (Chicago, Ill.): Some years ago Evarts 
Graham wrote an admirable paper entitled “Principles versus Details in the Treatment 
of Empyema.” One could well apply his identical words to this discussion of burns, 


for in no field of surgery is the emphasis on principles rather than details more important. 
The persistent search for some magic substance to apply to the burned area has served 
chiefly to befog our outlook in the problem of burn treatment and to divert our attention 
from the principles that Dr. Whipple has stressed so clearly and emphatically. I can 
only attempt to second his emphasis and repeat, in a little different ‘way, what he has 
expressed so well. 

Three simple principles cannot be overemphasized; they are concerned particularly 
with prevention of complications. The first principle—prevent infection, the most im- 
portant Jocal complication of a burn; the second, prevent loss of plasma, the most 
important general complication; the third, prevent contractures and long delay in 
healing—the important complications in deep burns, by replacing areas of whole-thickness 
loss as early as possible with skin grafts. 

In spite of an increasing awareness of the importance of preventing infection of the 
large open wound, there is not vet widespread and general recognition of the fact that 
the important source of infection is the uncovered mouth and nose of first aid workers, 
nurses and surgeons who are caring for the patient. We have long been guilty of gross 
inconsistency in not giving the patient with an extensive open wound the protection that 
is deemed essential for the patient with a small wound cared for in the operating room. 

How can we prevent infection? By covering the burned area immediately with 
clean towels and not exposing it even momentarily until personnel with masked faces and 
cleansed hands are ready to carry on. The practicability and helpful results of such 
protection were demonstrated by Churchill, and his associates, at the Massachusetts 
General Hospital after the Cocoanut Grove fire. Burned surfaces were covered with 
sterile towels in the emergency room, and kept covered until the patients could be cared 
for by masked, gowned and gloved personnel. 

Aldrich’s studies, Cruikshank’s, and the observations of many other workers, show 
that infection of the burned surface takes place during the early period of treatment. 
It can be prevented in the majority of cases by recognition of the important potential 
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sources of infection, and by protecting the open wound from them. It may well prove 
that the addition of sulfathiazole in an oily base, as recommended by Dragstedt, and 
his associates, and by Gurd, and his coworkers, at the Montreal General Hospital, or 
‘of sulfanilamide, as recommended by Evans, can be of real value in preventing develop- 
ment of infection, but elimination of poterltial sources of infection is imperative. 

How can we prevent fluid loss? By providing an absorbent compression dressing 
over the cleansed burn surface at the earliest possible moment. Such a dressing as 
Siler, Reid, and their associates, and, more recently, Neal Owens and Gurd, have 
demonstrated so effectively, checks the oozing from the burned surface and checks and 
limits the fluid loss into the subcutaneous tissues. Its value is nowhere more quickly 
recognized than in burns of the face and extremities, where the swelling and edema 
that develop so rapidly under a loosely applied or a coagulant dressing can be almost 
completely prevented by the application of a voluminous gauze dressing compressed 
with the aid of an inexpensive resilient material like mechanics: waste and with an 
elastic bandage. 

If fluid must be replaced, there is no argument as to the need and value of plasma, 
but here, just as with infection, there can be no question as to the value of the ounce 
of prevention as compared with the cost, the difficulty, and the time lost in providing 
the pound of cure. 

Concerning the third principle—early replacement of areas of whole-thickness 
loss—one can only repeat that no chemicals, no ointments, and no witchcraft, that have 
yet been devised, can produce a covering of epithelium when the whole-thickness has 
been destroyed. Such a raw surface, as Blair, Brown and Byars, Padgett, McClure, 
and practically every surgeon who has faced the problem of caring for serious burns, 
have repeatedly emphasized, can be covered only by the slow growth of epithelium from 
the periphery or by transplantation of skin. The earlier such transplantation can be 
successfully accomplished the sooner will the patient be well and the less will be the 
scar tissue contracture that invariably results from long delay in healing. 

In these three simple principles—prevention of infection; prevention of fluid loss; 
and prevention of long delay in healing by early grafting—“hang all the law and all 
the prophets.” If we can state them so clearly that the surgical profession will recog- 
nize their force and be guided by them, we can well leave the less important details of 
treatment to the imagination and initiative of the individual surgeon. 


Dr. ALLEN O. WuippLte (New York City, closing): I should like to refer to 
‘one problem which has been touched upon, but just to show that there is a great 
deal of work being done on it. That is the problem of handling the third-degree areas after 
slough has been removed. There is a good deal of interesting work being done at the 
present time with enzymes that will hasten the removal of slough. Some of it appears 
to be promising. 

Another factor which undoubtedly will facilitate the early grafting of these granu- 
lating surfaces is the proper concentration of sodium sulfadiazine, which in the 
ultramicroscopic form—that is, the centrifuged form—provides a film. I have seen 
some cases recently, in the Harlem Hospital, where the granulating surface has been 
frosted with this sulfadiazine, and grafts put on that area adhere very firmly and 
take amazingly well. 

These cases are of particular interest to me because the grafts take apparently more 
easily, and the donor areas treated in the same way are available in an astonishingly 
short time for further skin grafts. I never have seen that done before, but I saw some 
areas where skin grafts had heen removed ten days previously, that is epithelium from 
those same areas were removed to provide further grafts. This is a method which, in 
some of the very extensive burns, is a terrible problem, because you can not get large 
Paget grafts from these patients, and you have to use small areas of skin. It is just 
an example of how these patients which survive now, and which always died previously, 
are providing problems that we never had before. 


GELATIN AS A PLASMA SUBSTITUTE: WITH PARTICULAR 
REFERENCE TO EXPERIMENTAL HEMORRHAGE 
AND BURN SHOCK* 

W. M. Parkins, Pu.D., C. E. Koop, M.D., C. Riecer, Pu.D., 

H. M. Vars, Pu.D., J. 8. Lockwoop, M.D. 


PHILADELPHIA, Pa. 


FROM THE HARRISON DEPARTMENT OF SURGICAL RESEARCH, SCHOOLS OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA 


RrsTORATION AND MAINTENANCE of circulating plasma volume are gen- 
erally recognized as basic essentials in the prevention and treatment of shock. 
The successful use of crystallized human albumin indicates that the colloid 
osmotic pressure of plasma protein maintaining fluid distribution and plasma 
volume is a major physiologic factor in plasma and whole blood therapy. 

In view of the difficulties of obtaining and preserving sufficient quantities 
of human plasma, it is natural to hope that the supply of plasma can be 
supplemented by a substitute which will be stable, innocuous, therapeutically 
effective, readily available, and reproducible with respect to its physiochemical 
properties. Many macromolecular colloids such as gum acacia, hemoglobin, 
bovine albumin, pectin, and a number of special gelatin preparations, including 
isinglass, have been, and are being, investigated. Hogan! reported, in 1915, 
that gelatin-saline infusions administered to patients in shock would restore 
falling blood pressure. Wolfson and Teller? found gelatin effective in 
experimental hemorrhage in the rabbit. Bayliss,* in 1917, and Rous and 
Wilson, in 1918, strongly advocated the use of gum acacia, in preference 
to gelatin, in treatment of hemorrhage and shock. Although gum acacia has 
heen used extensively, more recent study of its toxicity, especially with 
reference to its antigenicity, and its tendency to produce liver dysfunction 
and hypoproteinemia® ®* has placed it in disfavor, except in emergency 
conditions when no other substitute is available. 

Renewed interest in the possibilities of gelatin as a blood substitute 
is evidenced by a number of recent investigations (Taylor and Waters,® 
Waters,® Gordon, Hoge and Lawson,'® Ivy, Greengard, Stein, Grodins and 
Dutton,'! Little and Wells,’? Ely and Angulo, and Grodins." 

The aim of our study has been to determine: (1) The response of the 


* The Charles B. Knox Gelatin Co. and Kind and Knox Gelatine Co., Johnstown, 
N. Y., and Camden, N. J., supplied the material, through the courtesy of Dr. D. Tour- 
tellotte, and provided the University of Pennsylvania with a grant to defray a part of 
the cost of this study. 

These studies were initiated by Drs. Norman E. Freeman and A. E. Schecter, who 
were forced to discontinue the work because of entering military service. 

Preliminary reports of this work were presented at two conferences on gelatin, 
which were convened by the Subcommittee on Blood Substitutes of the National Re- 
search Council, in Washington, D. C., November 10, 1942, and February 23, 1943; and 
at the meeting of the Physiological Society of Philadelphia, April 20, 1943. 

Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio. 


193 


“3 
. 


PARKINS, KOOP, RIEGEL, VARS, AND LOCKWOOD Annals of Surgery 


normal dog to moderate and massive single and repeated infusions of bone 
collagen gelatin, with particular reference to general and specific toxic effects, 
many of which have been reported for other colloidal substances tested and 
used as blood substitutes; (2) the disappearance from the blood and excre- 
tion of gelatin; and (3) the efficacy of gelatin as compared with saline 
and plasma in the replacement of colloid osmotic pressure and plasma volume 
of dogs subjected to standardized conditions of hemorrhage or burn of a 
degree which is fatal to the untreated animal. 


MATERIAL AND METHODS 

The gelatin used in these studies was supplied as calcium gelatinate (Lot 
No. B78-1) produced by hydrolysis of alkali-treated bovine long-bone collagen, 
under controlled and standardized conditions. Our laboratory preparation 
Was a six per cent solution in 0.85 per cent saline, sterilized by autoclave at 
15 pounds pressure for 20 minutes. Aerobic and anaerobic sterility tests 
were uniformly negative. Although freshly prepared solutions were used 
routinely in these experiments, the preparation is stable for months when 
stored at 4°C. The solution after autoclaving has a py of 6; a specific vis- 
cosity of 1.6 at 37°C.; specific gravity of 1.024; and an osmotic pressure 
of 46 to 48 mm. Hg. 

An 0.85 per cent saline solution was made from Sharp and Dohme 
sodium chloride tablets especially prepared for infusion purposes. The 
water was single-distilled and was neither tested nor treated for pyro- 
genicity. Fresh solutions were filtered and autoclaved at 15 pounds pressure 
for 20 minutes. Heparinized or citrated, pooled dog plasma was prepared 
from blood drawn under aseptic conditions from healthy animals. 

All dogs used in these studies were carefully selected with regard to 
uniformity of nutritional state, age, size and general physical condition. 
They were acclimated to the laboratory and maintained under observation 
in individual cages for a period of at least one week prior to their use, 
and were fed a standard diet of Purina Checkers, with an occasional 
supplement of table or meat scraps. 

Infusions were made by needle puncture through the jugular vein, and 
the apparatus was chemically clean and sterile. The solutions were kept 
at 32° to 37°C., and were administered at a rate of 0.5 to 1.0 cc. per 
kilogram per minute. 

Blood pressure was determined in the femoral artery, by needle puncture, 
and mercury manometer and blood samples were withdrawn through the 
same needle. 

Hematocrit determinations were made on heparinized blood in Wintrobe 
tubes, centrifuged at 2500 R.P.M. for 30 minutes. Plasma specific gravity 
determinations were made by the falling-drop method of Barbour and 
Hamilton.’ Bromsulphalein retention was determined by the method of 
Rosenthal and White,’° as modified by Helm and Machella.!7 Prothrombin 
time was measured by the procedure of Quick.'* When plasma was analyzed 
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for plasma proteins and gelatin protein concentration, the differential pre- 
cipitation of gelatin from plasma proteins was carried out with a modification 
of the method described by Waters.'® The urine gelatin concentrations 
were determined by use of both tungstic and tannic acid preparation, and 
all nitrogen analyses were made with the aid of semimicro Kjeldahl apparatus. 


EXPERIMENTAL STUDIES 
I—INTRAVENOUS GELATIN IN NORMAL DOGS 

1. General Reactions —Following infusion of 30 and 60 ce. per kilogram 
of body weight (representing a 60 to 120 per cent increase in plasma 
colloid), all animals showed marked hemodilution, and with the larger doses, 
at least a temporary increase in blood pressure. The pulse and respiratory 
rates were increased for several hours after infusion. Nausea and emesis 
frequently occurred within two to three hours; and defecation occasionally 
followed within the same interval. Similar reactions often followed infusion 
of comparable volumes of saline or plasma. The animals usually appeared 
somewhat depressed and inactive for from three to six hours after the 
infusion of gelatin. By the following morning they were eager for food. 
Animals which received repeated infusions of gelatin, during a prolonged 
period, gained weight and remained in excellent general physical condition. 

2. Toxicity Studies—(a) Observations on Pyrogenicity—In 20 experi- 
ments upon ten normal dogs the temperatures were recorded at intervals 
of 15 minutes, I, 2, 3, 4, 5, 6, and 24 hours after infusion of 30 cc. 
of gelatin per kilogram. At 15 minutes after infusion, the temperature was 


normal or somewhat below, with a slight increase by the second hour, reaching 
a peak between two and four hours, showing an average increase of 0.7° C. 


at three hours. The range was from no change to a maximum of 1.1° C. 
with a return to normal by the sixth hour. In four cases there was a slight 
temporary decrease in temperature. In four dogs infused with 10 cc. of 
gelatin per kilogram, no temperature rise was noted. 

In four normal dogs subjected to massive hemorrhage (about 50 per cent 
of blood volume) followed by immediate infusion with an equal amount of 
gelatin, the temperature of one rose 1.0° C. in three hours, while that of 
two dogs dropped 1.1° C., and that of the fourth remained unchanged. Five 
dogs, bled in the same way (by needle puncture without anesthesia), and 
infused with sterile isotonic saline solution, showed a drop of 0.3° C. in one 
case, no change in two, and rise of 0.9° C. in the remaining two. 

In view of the fact that the temperature changes with saline were similar 
to those with gelatin, when comparable volumes were administered, and con- 
sidering the absence of temperature rises in the dogs receiving 10 cc. of 
glatin per kilogram, it appears doubtful that the gelatin per se is pyrogenic 
in the dog. Pyrogen tests in rabbits are in progress. 

(b) Observations on Antigenicity.—Purified gelatin is generally con- 
sidered to be nonantigenic.'” §°'° Sixteen normal dogs and five subjected 
to hemorrhage, were repeatedly infused with gelatin in amounts of Io and 
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30 to 60 cc. per kilogram at intervals of days, weeks and months, without 
showing any evidence of anaphylaxis or sensitization as judged by blood 
pressure, respiration and other general reactions. Urticarial skin reactions 
commonly observed in dogs infused with dog plasma have in no instance 
been noted following infusion of gelatin. Animals have not yet been tested 
specifically for sensitization to other bovine protein. 

(c) Hematologic Observations: Clotting Time, Pseudo-agglutination and 
Sedimentation Rate-—The clotting time of blood from dogs at various intervals 
after gelatin infusion (30 cc. per kilogram) was moderately increased. The 
average increase within 15 minutes was 16 per cent, and after three hours 
30 per cent, with a return to normal within 24 hours. In two dogs subjected 
to triple hemorrhage and gelatin replacement, when a total of go cc. per 
kilogram was infused, the clotting time was about twice normal, and a 
return to normal occurred within 48 to 72 hours. Changes of the same 
order would be expected following infusion of similar volumes of citrated 
or heparinized plasma. 

Pseudo-agglutination of erythrocytes has been reported to follow infusions 
of gelatin as well as other colloidal solutions used as blood substitutes.?”: 1) 4) 1° 
A pronounced increase in sedimentation rate after gelatin infusion was 
obvious to all who worked with the blood samples. Pseudo-agglutination 
and often massive. clumping of erythrocytes were also apparent in the 
hematocrit blood samples, or when gelatin was mixed with red cells in vitro. 
However, the clumps which formed on standing were readily broken up 
with agitation. 

Sedimentation rate determinations in gelatin-infused dogs, corrected 
for hematocrit changes, showed in most cases a two- to four-fold increase, 
with a return to normal as the gelatin disappeared from the blood stream. 
The increase in sedimentation rate was associated with, and apparently 
largely due to, the pseudo-agglutination of erythrocytes which occurred 
in vivo as well as in vitro. Direct observations and photomicrographs of 
this phenomenon in vivo were made by Dr. R. G. Abell, of the Department 
of Anatomy, using the ear-window technic in the normal unanesthetized 
rabbit. While the pseudo-agglutination of the red cells was present it did 
not appear to retard the circulation through the capillaries of the ear of 
normal rabbits infused with 15 cc. of gelatin per kilogram. The influence of 
this effect of gelatin, an effect which follows the administration of certain 
other colloids, upon the oxygenation of the blood and the peripheral circula- 
tion of animals in shock is deserving of further study, using special gelatin 
preparations. 

(d) Liver and Kidney Function—Observations on bromsulphalein re- 
tention, glucose tolerance, and prothrombin time, were undertaken as tests 
of liver function. Urea clearance was used as an index of kidney function. 

Determinations were made before, and at intervals after, repeated weekly 
infusions of gelatin in 14 dogs. Three hours after each infusion of gelatin 
(30 cc. per kilogram) a marked retention of bromsulphalein was observed, 
which had diminished at 24 hours, and was essentially normal at 48 hours. 
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As illustrated in Figure 1, the degree of retention became increased, and 
the return to normal was increasingly delayed with each additional weekly 
infusion. The two dogs which showed the highest retention of brom- 
sulphalein were selected for the illustration. 


‘0 
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Fic. 1.—Bromsulfalein retention after weekly infusions of gelatin. 


In animals in which the weekly infusions were suspended for a period 
of four or more weeks the retention of bromsulphalein after a subsequent 
infusion of gelatin was similar both in degree and duration to that following 
the first infusion of the series. However, the cumulative increase of 
bromsulphalein retention was present upon infusion following a rest of 
three weeks or less. It did not develop in dogs receiving weekly infusions 
of 10 ec. per kilogram. 

Bromsulphalein retention was also determined after infusion of 30 cc. 
per kilogram of pooled heparinized dog plasma. Three of five dogs showed 
a bromsulphalein retention of as much as 16 per cent at three hours after 
a single plasma infusion. 

The results of determinations of glucose tolerance after gelatin were 
variable, but no definitely abnormal curves were obtained. 

The prothrombin time studies revealed normal values throughout except 
in one dog, which exhibited a prolonged time on two occasions as shown 


in Table I. 


TABLE I 
PROTHROMBIN TIME IN SECONDS 


(Normal—under "21 seconds) 


Weeks : 273 2 300 
13 13 Before first infusion 
13 Between 
13 14 3 and 4 
12 11 hours 
after 
weekly infusions 
of 
gelatin 
3°) of body weight 


10 11 Weeks 

20T 
| 

15 Two 

10 weeks 

| rest 

5 

1 
= 
10 16 
1 16 ia 
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The explanation of the bromsulphalein retention which follows massive 
gelatin and plasma infusions in normal unanesthetized dogs is not clear. 
In view of the transient nature of the retention after gelatin and plasma, it 
seems permissible to conclude that the liver dysfunction suggested by re- 
tention of bromsulphalein is probably not specific to gelatin itself and 
presents no serious obstacle to further clinical investigation of gelatin as 
a plasma substitute. It should be recognized that with an infusion of 30 cc. 
of gelatin per kilogram, the animal's plasma colloid would rise to about 
160 per cent of normal unless temporary storage of gelatin or plasma protein 
occurred. It is during the period when a new colloid equilibrium is being 
reached that pseudo-agglutination of erythrocytes and: retention of brom- 
sulphalein are found. The repeated administration of smaller quantities 
of gelatin did not lead to cumulative retention of the dye. 

(e) Histologic Observations—With the collaboration of Dr. H. L. 
Ratcliffe of the Department of Pathology, there is in progress a thorough 
study of tissues from normal dogs and dogs subjected to hemorrhage, and 
from animals which succumbed to burn shock or were sacrificed at various 
intervals after infusions of gelatin, saline or plasma. A detailed report will 
be made upon completion of the observations. For the present, it can 
be stated that no evidence of chronic liver damage with storage of gelatin 
in the liver or other organs has been noted in normal dogs following single 
and repeated massive doses of gelatin. Tissue changes in liver, kidneys, 
and adrenals were only slightly more marked with gelatin than with plasma, 
and were definitely reversible. ‘ 


II— DISAPPEARANCE FROM BLOOD, AND EXCRETION OF GELATIN 


In a review of the literature on blood substitutes by Amberson,' it is 
concluded from publications on the use of gelatin preparations available 
20 to 30 years ago that gelatin is relatively valueless because of the rapidity 
with which it leaves the blood stream. Waters? found calf skin gelatin to 
remain in the blood of infused animals much longer than does isinglass. 
Little and Wells’? have recently shown that bone gelatin escapes through 
injured capillaries of the intestine more slowly than do the plasma proteins. 

The basis of our interest in the rate of disappearance and the excretion 
of bone gelatin infused in normal dogs and in replacement of blood removed 
by a rapid massive hemorrhage was: (1) To correlate blood concentrations 
with other studies of efficacy and reactions to gelatin; (2) to determine 
whether the plasma proteins depleted by hemorrhage would be replaced in 
gelatin-infused animals at a rate sufficient to maintain total protein concen- 
tration, colloid osmotic pressure, plasma volume and blood pressure as the 
gelatin concentration decreased in the blood; and (3) to correlate the dis- 
appearance of gelatin from the blood with gelatin excretion, and with plasma 
protein concentrations, in the attempt to obtain information relative to the 
fate of gelatin and the question of its utilization as available protein. 

Results —Experiments on five normal dogs infused with 30 cc. of gelatin 
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per kilogram and on five unanesthetized dogs subjected to massive hemorrhage 
and infusion with a volume of gelatin equivalent to the volume of blood 
‘removed, are illustrated by representative data in Figures 2 and 3. It will 
be observed that a diuresis and relatively rapid excretion of gelatin occurred 
which decreased at six hours following infusion. Hemodilution and increased 
plasma volume, as indicated by hematocrit and plasma protein concentration, 
were well maintained in both the normal and the bled dogs, as was also the 
blood pressure following massive hemorrhage. 

The plasma proteins were apparently replaced at about the same rate 
as that at which the gelatin disappeared from the blood stream. Following 
a brief period of osmotic adjustment to the high osmotic pressure of the 
infused gelatin, the total protein levels were well maintained in the experi- 
ments involving hemorrhage. 

The decrease in total plasma protein concentration (including gelatin), 
which occurred soon after gelatin infusion, may be explained by increase 
in plasma colloid osmotic pressure and compensatory hemodilution, since 
the six per cent gelatin used has a colloid osmotic pressure about twice that 
of plasma. Determinations of plasma colloid osmotic pressure of blood drawn 
15 minutes after gelatin replacement following hemorrhage, showed an in- 
crease of approximately 20 per cent.* Calculations indicate that the plasma 
volume is increased to an extent greater than the volume of fluid infused, 
which is in keeping with the increased osmotic pressure and consequent 
hemodilution from interstitial fluid. 

Approximately one-half, or less, of the gelatin which leaves the blood 
stream is accounted for by the kidney excretion figures. The normal dog, 
in Figure 2, excreted 27 per cent of the gelatin infused: the dog subjected 
to hemorrhage (Figure 3), receiving a large amount, excreted 56 per cent. 
One other normal dog excreted 59 per cent. 

Discussion.—The fate of gelatin which is not excreted remains obscure. 
Normal animals which received repeated weekly infusions of 30 cc. of gelatin 
solution per kilogram showed no indication of a deposition. Parenterally 
administered gelatin may be partially utilized in metabolism of the body 
tissues, or it may enter into maintenance or replacement of plasma proteins. 
That parenteral gelatin is metabolized to maintain nitrogen balance or 
equilibrium is indicated by the work of Brunschwig, Scott, Corbin and 
Moe.*!_ Experiments now in progress will yield additional data relative 
to the question of the utilization of intravenously administered gelatin. 


III—STUDIES ON HEMORRHAGE 
COMPARISON OF GELATIN WITH SALINE AND PLASMA 


Hemorrhage, by widely different procedures, and under various condi- 
tions, is commonly employed as a method by which the efficacy of potential 
blood substitutes may be evaluated. Unfortunately, there is no standard 


* We wish to thank Doctors Tourtellotte and Williams, of the Kind-Knox Research 
Laboratories, for the colloid osmotic pressure determinations. 
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generally accepted procedure for this purpose. This fact makes difficult 
the comparison of results from different laboratories where various sub- 
stitutes are under study. 

Three bleeding procedures similar to those used experimentally by 
others, each of which is frequently parallelled in military or civilian injuries 
were employed in the following experiments. The efficacy of gelatin was 
compared under uniform conditions with saline or with saline and plasma. 
Conditions were such that few, if any, of the animals so treated would have 
survived without administration of one of the three infusion fluids. 


I—SINGLE MASSIVE HEMORRHAGE AND IMMEDIATE INFUSION 

Ten dogs were bled by arterial needle puncture, over a 10- to 15- 
minute interval, to the point of air hunger or respiratory failure. with 
the blood pressure falling to 15 to 20 mm. of Hg. Infusion was begun 
within two minutes. The volume infused was, in each case, equal to the 
volume of blood withdrawn. Four dogs, two in each infusion group, were 
given artificial respiration until the beginning of the infusion. Five animals 
were infused with gelatin, five were infused with saline. 

Results —The data are shown as average values in Table II. All these 
unanesthetized dogs survived the removal and replacement of approximately 
one-half of their total calculated blood volume. Obviously, survival as a 


TARLE IT 
SUMMARY OF AVERAGE VALUES—SINGLE RAPID MASSIVE HEMORRHAGE 
Immediate Infusion — Saline and Gelatin 


After Infusion 


Determination Initial Infusion 15 minutes 3 hours 24 hours 


Initial Initial Initial 


101 74.8 113 

105 78.4 118 

34.8 23 

Saline 7 61. 27 61.4 25 
3 


Total Protein 5.8: Gelatin 5. 87. 4.62 79. 5.07 
Saline 3: 61.5 3.74 71:5 4.28 


Gelatin 92. 
Saline 67. 


5 

0 
Hematocrit....... Gelatin : 32.6 16 

4 

§ 


criterion is of little value in determining the relative merits of infusion fluids 
under the seemingly severe conditions of hemorrhage in these experiments. 
A higher total protein concentration, a considerably greater decrease in 
hematocrit, and the return of blood pressure to normal within 15 minutes 
after gelatin infusion indicated a definite superiority of gelatin over saline 
in experimental hemorrhage of this type. Results from one such experiment 
in which gelatin disappearance and excretion were studied are illustrated 
by Figure 3. 

Discuss1on.—There is no general agreement in the literature regarding 
the efficacy of saline infusions in experimental hemorrhage.? 2% 24; 25. 26, 10, 11 
Tt should be pointed out that animals show a remarkable spontaneous physio- 
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logic compensation to a massive rapid hemorrhage, if the brief critical period 
after hemorrhage is overcome by administration of any isotonic fluid. Even 
though the concentrations of plasma protein may be reduced, and the effect 
of saline in restoration of blood volume and pressure in some conditions may 
be transient, the administration of saline as a temporary expedient should not 
be ignored. 

Conclusions as to therapeutic efficacy of a number of proposed blood 
substitutes have been based upon survival alone, or upon blood pressure 
elevation following infusion of a blood substitute in animals subjected to 
single rapid hemorrhage.'':*** In those instances where the effect of 
saline alone was not determined under conditions of severe and otherwise 
fatal hemorrhage, the question may be seriously raised as to how much of 
the apparent influence of the blood substitute was a result of the fluid in 
which it was dissolved. 

Under the conditions of single massive rapid hemorrhage and immediate 
infusion used in experiments illustrated in Table I, all of the dogs showed 
a definite hemodilution, increased blood pressure, and survived when saline 
or gelatin was infused. The early response to gelatin suggested its superiority 
over saline alone. However, the physiologic mechanisms of compensation 
were sufficient to make both groups more nearly comparable at three and 
24 hours. 


2—TRIPLE HEMORRHAGE AND INFUSION 

A controlled triple hemorrhage procedure provided a more critical 
method of evaluating gelatin. 

Dogs under nembutal anesthesia (25 mg. per Kg., intravenously) were 
bled 30 cc. per kilogram (approximately one-third their blood volume), 
and infused with an equal volume of gelatin, or saline. One hour after the 
first hemorrhage the animals were bled another 30 cc. per kilogram, or 
until the blood pressure dropped to 30 mm. of Hg. They were then infused. 
One hour later they were similarly bled and infused for the third time. 

Results —When saline was infused ( Figure 4) the blood pressure returned 
to nearly normal levels after the first infusion, but was not well maintained 
and usually dropped to 30 mm. Hg. upon completion of the second hemor- 
rhage. After the second infusion the blood pressure rarely returned to 
normal, and rapidly dropped to about 30 mm. of Hg. during the third hemor- 
rhage. Only eight to 21 cc. per kilogram, with an average of 15 cc. per 
kilogram, could be withdrawn safely at the third bleeding, since a blood 
pressure below 30 mm. Hg. may be rapidly fatal. During the third infusion, 
the blood pressure rose to about 80 mm. of Hg. but was not sustained, even 
though additional saline may have been infused. However, two of the 
five dogs infused with saline recovered, even though the blood pressure 
remained at about 60 mm. Hg. for many hours. The plasma protein con- 
centration was reduced to three to four Gm. per cent. The hemodilution 
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and increased plasma volume, as indicated by hematocrit and hemoglobin 
were well maintained. 

The gelatin-infused dogs (Figure 5) were decidedly more resistant to 
this repeated bleeding. The blood pressure dropped but little more during 
the second hemorrhage than during the first; and in every case, the full 
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Fic. 4.—-Saline in triple hemorrhage. 


30 ce. per kilogram could be removed during the third hemorrhage without 
a decrease in blood pressure to critical levels. Three such dogs maintained 
a nearly normal blood pressure after the third infusion of gelatin, and 
recovered. With gelatin infusion the total protein levels were well main- 
tained, and hemodilution was marked. 

Two additional dogs were bled to a total of 100 cc. per kilogram, in 
three hemorrhages, followed by immediate infusions with gelatin. These 
two animals succumbed within 16 hours, even though the blood pressure fell 
to only 46 and 68 mm. of Hg., respectively, upon the third bleeding, and 
rose again to 74 and &o after the third replacement with gelatin. Hematocrits 
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were 6.6 to 8.0 per cent, respectively, and the animals were markedly dyspneic. 
No erythrocytes were replaced in any of the triple hemorrhage experiments. 
It appears probable that death of these two dogs was due largely to anoxemia, 
resulting from a too drastic reduction in numbers of erythrocytes, rather 
than to depletion of plasma volume. The contrast between the gelatin and 
the saline-infused animals was most striking in-the response to a third 
hemorrhage. Only eight to 21 cc. per kilogram, with an average of 15 cc., 
were bled from the saline-infused animals to reduce blood pressure to 30 mm. 
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Fic. 5.—Gelatin in triple hemorrhage. 
Hg. Thirty cubic centimeters per kilogram could be withdrawn during 
the third hemorrhage from each of the animals infused with gelatin, without 
reducing blood pressure to such a critical level. 

The dog illustrated in Figure 6 showed definite and maintained improve- 
ment following gelatin infusions, although prior saline infusions had failed 
to restore stability of the blood pressure. Total protein concentration, 
hemodilution and blood pressure were increased and well maintained after 
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each gelatin infusion. Despite a blood pressure of 50 mm. of Hg., and 
below, for several hours during the period of saline infusion, the administra- 
tion of gelatin was followed by complete recovery. 


3-—-PROLONGED HEMORRHAGE AND SUSTAINED HYPOTENSION 
The spontaneous compensation of the dog to hemorrhage, and the ef- 
fectiveness of fluid replacement are markedly influenced by the rate of 
bleeding, and the degree and duration of the hypotension.?®: 29: 9% 31,32 When 
the bleeding was prolonged or intermittent, and the blood pressure main- 
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Fic. 6.—-Saline-gelatin in triple hemorrhage. 


tained at critically low levels by subsequent repeated withdrawals of blood, 
the response to a replacement of plasma volume is altered and the adequacy 
of the infusion fluid correspondingly diminished. Although hemodilution 
and increase in plasma volume and blood pressure occur after infusion of 
fluids, determining factors apart from blood volume in the blood pressure 
maintenance, such as peripheral resistance, may not be adequately com- 
pensated for by the infusion, and the circulation may fail.®® ** 

In the following experiments gelatin as a plasma substitute was studied 
by comparison with saline and also with plasma under conditions wherein 
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saline was of little value in the majority of cases, and plasma was uniformly 
effective. 

Sixteen dogs, under nembutal anesthesia, were bled in three stages, 
over a period of 30 to 40 minutes. Mean arterial blood pressure was main- 
tained between 30 and 40 mm. Hg. for 30 to 40 minutes by additional bleed- 
ing if the blood pressure rose above 40. If the blood pressure dropped two 
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Fic. 7.—-Gélatin and saline in hemorrhage. 


or three millimeters below 30 mm. Hg. whole blood was injected in order 
to maintain the pressure at approximately 35. An infusion volume of the 
substitute equal to the volume of blood withdrawn (minus the amount replaced 
in keeping the animal alive during the hypotensive period) was admin- 
istered at a uniform rate in each case. 

Results—Three untreated dogs succumbed within two and_ one-half 
hours. Three of five saline-infused dogs died within two to six hours; 
although the blood pressure after infusion was poorly maintained, two dogs 
recovered in spite of persistently low blood pressures of between 60 and 80 
mm. Hg. for many hours after infusion. The blood pressure of all five 
gelatin-infused animals was increased to over 100 mm. Hg. upon in- 
jection of approximately 50 per cent of the infusion volume; it was further 
increased and well maintained following completion of the infusion (Figure 
7). Complete recovery was rapid and uneventful in all five animals. 

Three dogs infused with plasma reacted in much the same manner as 
did the gelatin-infused dogs, and all recovered. Figure 8 is typical of all 
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plasma and_ gelatin-treated animals. The hemodilution and increase in 
plasma volume, as indicated by hemoglobin and hematocrit, was more marked 
after gelatin infusion than after plasma. This may be due to the fact that 
the six per cent gelatin preparation used has a colloid osmotic pressure value 
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Fic. 8.—Gelatin and plasma in hemorrhage. 


greater than that of plasma. Gelatin, under the conditions of this experiment, 
is undoubtedly superior to saline, and compares favorably with plasma as 
an effective blood substitute in maintenance of colloid ismotic pressure, blood 
volume and blood pressure. Gelatin thereby permits complete recovery of 
animals from a state of posthemorrhagic hypotension, which is fatal to un- 


treated controls and to a majority of saline-infused animals. 

Discussion.—The question may be asked how gelatin compares with 
plasma and other plasma substitutes in experimental hemorrhage, under more 
drastic conditions where even plasma is not uniformly adequate for survival. 
Experiments now in progress, involving further prolongation of the period 
of hypotension, tend to indicate that under such extreme conditions the gelatin 
solution as now constituted falls short of being a complete replacement for 
plasma. Although the increase in blood volume may be even greater, and 
may be as well maintained after gelatin as after plasma, the blood pressure 
is more adequately sustained and survival more definitely assured with plasma 
than with gelatin. Hemodynamic factors, in addition to replacement of 
colloid osmotic pressure and plasma volume, enter into a consideration of 
complete recovery in these experiments. 
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In general, the results from a rather small number of dogs subjected 
to experiments on hemorrhage have led us to the tentative conclusion, 
that gelatin because of its colloid osmotic properties is definitely superior 
to saline, but may be deficient in some of the beneficial properties of whole 
blood or plasma. When tested under conditions where replacement of 
colloid osmotic pressure and plasma volume are sufficient, that is, before 
the exhibition of the so-called “irreversible” factors described by Wig- 
83,34 gelatin compares favorably with plasma. 


IV—GELATIN IN BURN SHOCK 


Although a given blood substitute may be found to be entirely satisfactory 
in the treatment of hemorrhage or posthemorrhagic shock it may or may not 
be equally efficacious in treatment of other shock states, such as those follow- 
ing thermal or mechanical injuries. Ely and Angelo’ have concluded from 
their observations on rabbits subjected to sublethal burns, that a gelatin- 
glucose-salt solution is as effective as plasma in combatting the hemocon- 
centration. Grodins'* recently reported that gelatin-saline is much more 
effective than saline alone, and about equal to plasma, in producing a 
sustained rise in blood pressure of dogs in shock resulting from limb trauma. 

In studies of gelatin as a plasma substitute in burns, it seemed important 
to determine the hemodilution, blood pressure and other criteria of colloid 
osmotic pressure and fluid distribution in the first 12 to 24 hours, and also 
the later response of the treated animals in the so-called “acute toxemia” 


phase. 
Eight of 30 dogs burned were used in trials to determine, by a controlled 


reproducible procedure (similar to that described by Trusler, Egbert and 
Williams* ), the degree of injury which would be fatal to most if not all 
untreated animals ; a burn not so severe as to be irreversible, but one in which 
plasma therapy might still be effective. The following procedure was used 
in the 22 dogs included in this report: The hair of the animal was closely 
clipped from the hindquarters and body, up to the axillae. The animal 
was anesthetized with morphine and amytal, then immersed up to the axillae 
in water at 72° C. for 60 seconds. Ether was used to supplement the anesthesia 
during the immersion. Observations were continued to death, or for a 
period of 72 to 96 hours of survival, at which time the recovering animals 
were sacrificed for pathologic study. All dogs were infused with 30 cc. per 
kilogram of body weight of the test solutions, at comparable intervals of 
time (two and nine hours) following the injury. The volume of the third 
infusion varied between 1.5 per cent and 3.0 per cent of body weight, de- 
pending upon the extent of the hemoconcentration at the time. Other 
conditions were kept uniform, including the taking of blood samples and 
blood pressure determinations. The animals were permitted to recover 
from the anesthesia. Sulfathiazole ointment was used to control skin 
infections. 
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Results —TVhe average survival time of five untreated animals was 11 
hours, with a range of from four to 1g hours. Of the five saline-treated 
animals, two recovered, and were sacrificed at 72 hours, while three suc- 
cumbed within nine to 20 hours, with an average survival of 13 hours. One 
gelatin-infused dog recovered; seven died in from nine to 67 hours, with an 
average survival of 28 hours. Three of the four plasma-treated dogs re- 
covered; one of the plasma animals died at nine hours, just previous to the 
second infusion. 

Although the hemodilution effect of saline was slight in comparison with 
gelatin or plasma, it appeared that saline alone was beneficial to these animals. 
Two dogs survived the first 12- to 24-hour period of critical plasma leakage, 
reached the stage when compensatory blood volume control was reestablished, 
and hemoconcentration spontaneously disappeared while the blood pressure 
was maintained. 

The rapid progressive hemoconcentration, due essentially to leakage 
of plasma into the injured area through capillaries permeable to protein, was 
well compensated by gelatin infusions. Figure 9 is representative of typical 
cases in each of the four groups of animals. The colloid osmotic pressure 
of the plasma protein appeared to be adequately replaced by gelatin, since 
the hematocrit and hemoglobin levels could be brought to normal, and 
were about as well maintained as with the infusion of equivalent volumes 
of plasma, as shown by Figure 9 and Table III. The rate of hemoconcen- 
tration following the first and second infusions of gelatin, as compared with 
that following plasma infusion, suggests that the gelatin molecules may be 
as well retained by permeable capillaries as are the plasma proteins. 

Discussion.—With gelatin infusions the survival of the animals could be 
extended beyond the period when plasma loss into the burned area might 
be considered to be a cardinal factor. Although the hemoconcentration was 
corrected, the blood pressure was not permanently maintained and, with the 


TABLE III 


SUMMARY OF AVERAGE VALUES 
HEMOCONCENTRATION (HEMATOCRIT) OF DOGS SEVERELY BURNED 


Per Cent of Normal 


No. Hematocrit 
of (% cells) Infusion I 
Dogs Normal 


Infusion II 


Treatment Before 
Saline 44 153 
Plasma.... 45 149 


exception of one dog, the animals, nevertheless, succumbed. The mechanism 
involved in this circulatory collapse which is unassociated with hemoconcen- 
tration in the secondary phase of burn shock remains obscure. The possibility 
of functional impairment of some vital organ such as liver, adrenal or kidney, 
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already damaged through anoxia or through absorption of some hypothetic 
toxic substance from the burned area, has not been excluded. 

Since gelatin compensates for the osmotic pressure of lost plasma protein 
and apparently corrects the plasma volume deficiency of burn shock, we are 
determining whether or not the efficacy of gelatin in burn treatment may be 
enhanced through modification.of the gelatin -solution or its technic of 
administration, and through the concomitant use of accessory humoral factors. 


Untreated Gelatin 
Survival 10% hrs. Dog 3 Survival 44 hrs. mmm. Hg. 
Dog 1 9, 7 140 
%Cells + 320 
S | 60 
© s5so— 
| 
SN AVERAGE SURVIVAL | AU. SURV. RBHRS- ? DOGS 
30 . 11 HRS -5D0GS SACRIFICED ?2 « -1 DOG 
| | | | | |—}-|——| 
0 6 12 ra) | 6 |22 18 R24 36 Hours 
Infusions 30cc /Kg 
Saline Gelatin 
%Cells Dog 2- Surv.15 hrs Dog4 Surv.22%hrs. mm Hg 
60 
o” | 
| | 
t | 
| | 
| 
AV. SURV 13HRS-3 DOGS | AV. SURV. 28 HRS - 7 DOGS 
30 --SACRIF ?2 » -2D0GS SACRIF. 72 » -100G 
| 6 2 18 | 6 |22 18 24 Hours 


Infusions 30cc./Kg. 50ce. /Kg. 


Plasma 
%Cells Dog 5 Sacrificed mm. Hg 

? 

= 60 + 

40 
x | 5 9 DOGS SACRIF. 72 HAS ’ 
30 + 1 DOG SURVIVED 9HRS 
6 be 18, 50 36 42 46 22 Hours 
Infusions 30cc. /Kg. 


Fic. 9.—Saline, gelatin and plasma in burn shock. 
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SUMMARY AND CONCLUSIONS 

1. Normal dogs tolerate repeated infusions of large volumes of gelatin- 
saline solution without any serious toxic reactions specific to gelatin. Un- 
favorable reactions that do occur are reversible and are frequently produced 
by infusions of comparable amounts of saline or plasma. 

2. Pseudo-agglutination of erythrocytes and increase in sedimentation 
rate, which also occur following infusion of other macromolecular colloids, 
have been observed both im vitro and in vivo following infusions of gelatin. 

3. Bromsulphalein retention occurred after repeated infusions of gelatin 
hut is present to some extent, in dogs infused with comparable volumes of 
plasma. Other liver function tests were essentially negative. 

4. Kidney function, as determined by urea clearance, was apparently 
unimpaired after single and repeated infusions of gelatin in normal dogs. 

5. Tissue changes observed histologically were reversible and_ slightly 
more marked with gelatin than with plasma infused in equivalent volumes 
and under similar conditions. No chronic tissue storage was observed in 
animals which received repeated infusions of large volumes of gelatin. 

6. A transient diuresis and excretion of gelatin followed its infusion 
in normal dogs and dogs subjected to preliminary hemorrhage. About half 
of the gelatin infused was accounted for by urinary excretion. 

7. Following massive, rapid hemorrhage and immediate infusion of 
gelatin, the plasma proteins were apparently replaced at about the same 
rate as that at which the gelatin protein disappeared from the blood stream. 

8. All dogs survived a rapid, massive hemorrhage to point of respiratory 
failure and blood pressure levels of approximately 20 mm. Hg. when im- 
immediately infused with either saline or gelatin. The higher total protein 
concentration following gelatin infusion, the considerably greater hemodilu- 
tion, and the more rapid return of the blood pressure to normal, strongly 
bear out the superiority of gelatin over saline in experimental hemorrhage 
of this type. 

g. The resistance of the dog to repeated massive hemorrhage, followed 
by gelatin infusion is markedly increased over that of the animal similarly 
bled and infused with saline. The saline-infused dog in which the blood 


pressure continued to decline and remained at critical levels for hours 


following repeated infusions completely recovered upon subsequent in- 


fusions of gelatin. 

10. Following a slow, three-stage hemorrhage, with blood pressure 
maintained at 30 to 4o mm. Hg. for 30 to 40 minutes, all untreated dogs 
succumbed within a few hours. Although elevation of plasma volume and 
blood pressure were not marked or well maintained after infusion of 
saline, compensation occurred and two of five dogs slowly recovered. Three 
of the saline-treated animals died in two to six hours. Gelatin infusion 
resulted in a more marked hemodilution than did plasma infusion under 
uniform volume replacement. The blood pressure was restored and main- 
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tained at approximately the same normal levels with gelatin as with plasma, 
and all dogs made a rapid, complete recovery under these conditions of 
experimental hemorrhage, gelatin appears to be a suitable substitute for plasma. 

11. In eight dogs subjected to a standardized, reproducible burn of a 
degree fatal to untreated animals and to a majority of saline-infused animals, 
gelatin solutions compensated for the loss of plasma from the blood stream, 
and corrected hemoconcentration to the same degree as did plasma infused 
in four animals. Although survival was extended in the burn shock gelatin 
group beyond the period when death occurred in controls, presumably from 
hemoconcentration, seven of eight dogs succumbed after progressive decline 
in the blood pressure, unassociated with hemoconcentration. Under identical 
conditions, with plasma infusion, only one of four dogs succumbed. 

12. If a factor can be identified in plasma which accounts for its ability 
to maintain blood pressure in the severely burned animal during the 
the addition of this factor 


’ 


secondary phase of so-called “acute toxemia,’ 
to gelatin would probably result in a more adequate plasma substitute 


for burns. 
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Discussion.—Dr. Jonn S. Lockwoop (Philadelphia, closing) : I want to thank Dr. 
Graham for making reference to Hogan’s work on gelatin: As a matter of fact, we have 
referred to it in the manuscript, but because of the shortage of time I omitted reference to 
it, which I would not have done had I been aware of the fact that that work was done in 
Cincinnati. Gelatin chemistry has made many advances toward purification and 
standardization of material, which gives us many advantages over workers of twenty- 
five years ago. 

I also omitted reference in my remarks to the very interesting study being con- 
ducted by the group in Chicago, under Dr. Brunschwig. We feel that these two studies 
are supplementing each other in a very useful way. We also believe that gelatin may 
serve as a means of providing parenteral feeding of protein. 

One of the problems we have been up against all along in this work has been to 
“hew to the line” of studying gelatin as a blood substitute, because so many interesting 
problems concerning shock and burns have cropped up in connection with the work, 
that we have been tempted frequently to drop our primary study in pursuit of these 
possible “‘will-o’-the-wisps.” For example, we think the gelatin work has brought 
out further evidence of the dissociation of the problem of blood-volume maintenance 
from the problem of peripheral blood flow in the shocked individual. 

The restoration of normal blood volume by the administration of a colloid such 
as gelatin will not alone constitute adequate therapy in shock. 


PROBLEMS OF PROTEIN NUTRITION IN BURNED PATIENTS* 
F. H. L. Taytor, Pu.D., Stantey M. Levenson, M.D., 
CHARLEs 5S. Davipson, M.D., Newron C. Browper, M.D., 
AND 
Cuarwes C. Lunn, M.D. 


Boston, Mass. 
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BURN ASSIGNMENT OF THE SURGICAL SERVICES OF THE BOSTON CITY HOSPITAL AND THE DEPARTMENTS OF MEDI- 
CINE AND SURGERY, HARVARD MEDICAL SCHOOL, BOSTON, MASS. 


ALTHOUGH THE TREATMENT of the burned patient is usually regarded as 
a surgical problem, numerous underlying physiologic, metabolic and clinical 
complications must be constantly borne in mind. Frequently, the success 
or failure of carefully planned and well executed surgical procedures, such 
as skin grafting, depends upon the early recognition and effective handling of 
these underlying disturbances. Infection,’ shock, immediate or late,? anemia,® 
and disturbances of kidney or liver function! may occur as complications of 
burns. All these factors tend to delay healing. 

The presence of any, or all, of these factors may also have a profound 
effect on the metabolism of the patient. An opportunity has been afforded 
to study some of the abnormalities of metabolism in a large series of burned 
patients. The details of the earliest of these investigations are given else- 
where.® The present communication deals with only one aspect of this 
very large problem, namely, the problem of protein metabolism in the 
burned patient. 

Hypoproteinemia occurred frequently in a series of 63 patients upon whom 
a sufficient number of laboratory observations were made. In some patients, 
hypoproteinemia was fugitive, and was probably associated with early loss 
of plasma. In others, it persisted for some time, but was not severe and 
responded to high protein diets containing from 109 to 125 Gm. of protein 
per day. These diets were supplemented with 25 to 30 Gm. of brewers 
veast? and other added vitamin supplements,# and contained approximately 
3000 calories. Other patients did not respond to, or could not ingest, such 
diets. This group was composed of the most severely burned of all the 
patients studied, and in them the hypoproteinemia became progressive, and 
often reached the anasarca level. Simple loss of plasma in the form of 
persistent surface exudate could not alone account for the hypoproteinemia 


* Presented before the American Surgical Association, Cincinnati, Ohio, May 
14, 1943. 

The work described in this paper was done, in part, under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research and 
Development and Harvard University. 

+ Provided by the courtesy of the Brewery Foundation, of New York. 

t Provided by the courtesy of Merck & Co., Rahway, New Jersey. 
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in these patients. But there is no doubt that this was an important con- 
tributing factor, although, unfortunately, one that cannot be studied 
quantitatively. 

A detailed study of nitrogen metabolism has been madé upon a patient 
with a burn of 55 per cent of his body surface. Similar studies have 
been made upon nine other patients. The data from these patients are 
not complete but are entirely confirmatory in essential details of the findings 
reported here. The important laboratory data are presented in Chart 1. 
All values have been calculated in terms of protein. They include protein 
intake from all sources. 


RELATION OF PLASMA PROTEIN TO 
PROTEIN INTAKE AND OUTPUT 


TOTAL PROTEIN @—e 
ALBUMIN 
GLOBULIN 


PLASMA PROTEIN 
(MGS. PER 100 ML. PLASMA) 


23456789 6 


Cuart I 


CASE REPORT 

C. J., age 22, a coast guardsman in excellent physical condition and with a non- 
contributory past history sustained flame burns shortly before entry to the hospital. 
On admission, a physical examination revealed a well-developed and well-nourished 
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Number 2 PROTEIN NUTRITION IN BURNS 
young man, with burns of such severity that it was later determined that approximately 
45 per cent of his body area was involved in third degree burns and a 10 per cent 
further area with second degree burns. The burns were on the face, scalp, whole back, 
flanks, and large parts of all four extremities. 

His pulse was rapid and thready. He was cold and clammy. His blood pressure 
was not taken because of his leg and arm burns. Marked hemoconcentration was pres- 
ent and the required 17 units* of plasma were administered based both on the extent 
of the burn and on hematologic data. The plasma and four liters of saline were 
administered over a period of 48 hours, all of the plasma being given in the first 24 
hours. No débridement was attempted, and his burns were treated by triple dye. 

His early complications were hemoglobinemia, hemoglobinuria, with oliguria and 
azotemia. His azotemia was of a reversible type. The blood nonprotein nitrogen re- 
turned to normal after a few days of normal urine output. At the end of 24 hours 
he was given sulfadiazine by mouth, with satisfactory blood levels and a normal 
kidney clearance of the drug. 

Urine nitrogen data showed the presence of unusually large amounts of nitrogen 
in the urine, amounting on some occasions to 34 Gm. in a 24-hour period. He lost 
his appetite and, for a period of four weeks, the protein component in his diet did not 
exceed 80 Gm. per day. At the end of six weeks he had sustained a calculable net 
loss of over 2000 Gm. of protein. This deficit was occasioned by the negative nitrogen 
balance occurring during the first four weeks. These figures obviously do not take into 
consideration the very considerable loss of nitrogenous material from the burned area 
which, by clinical observation, persisted for 19 weeks, at which time the skin grafting 
was nearly complete. Therefore, the nitrogen deficit must actually have been much 
greater than the calculable 2000 Gm. would indicate. 

The significance of a protein deficit of 2000 Gm. should be carefully examined. It 
represents an equivalent in terms of plasma of 40,000 Ml. Expressed as loss of 
muscle tissue, it represents a loss of ten kilograms, or approximately 22 pounds. The 
problem of balancing such a protein deficit in a severely burned patient by feeding 
a high protein diet was extremely difficult. By considerable persuasion, the patient 
was prevailed upon to take many supplementary feedings until his intake was approxi- 
mately 130 Gm. of protein a day, and his caloric intake 3000 Gm. This represented in 
his case the absolute physical ability of the patient to ingest food by mouth. This diet 
was continued from the 7th to the 12th week of his hospital stay. From the end of 
the first week he also had another small source of protein intake in the plasma content 
af 6000 cc. of whole blood transfusions in 12 weeks. These were given in 300-1000 cc. 
doses at frequent intervals. The plasma proteins from this source is included in the 
values given in the chart. Nevertheless, in spite of cooperation on the part of the 
patient, and in spite of the fact that an apparent positive nitrogen balance was obtained 
throughout this period of high protein intake, his plasma protein fell and the edema, 
which became noticeable at the end of the fourth week, progressed. By the beginning 
of the 12th week the plasma proteins had fallen to 3.1 and the albumin to 1.6 mg. 
per MI. of plasma, respectively, and the edema was massive. 

His clinical condition at the beginning of the 12th week was desperate and heroic 
measures of alimentation were begun. Seventy-five Gm. of human albumin} and 
several units of desiccated plasma, reconstituted at ten per cent protein content, were 


administered and feeding commenced by vein and stomach tube. The details and . 


* One unit of plasma is 250 ml. of therapeutic plasma with a protein content of 
approximately five per cent. 
+ Provided through the courtesy of Professor E. J. Cohn. 
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theoretic discussion of the alimentation used in this patient is given in another com- 
munication.6 Only the essentials of the treatment will be given here. The protein 
intake was increased from 800 Gm. to between 1700 and 2000 Gm. per week. On 
some days his protein intake amounted to 500 Gm. Intravenous alimentation was 
carried out with amino-acids obtained from acid hydrolysis of casein with added water- 
soluble vitamins. By stomach tube, a high caloric, high protein, high vitamin diet 
in semifluid form were administered. The intubated food was supplemented with 30 
to 40 Gm. of brewers yeast, 20,000 units of vitamin A, 1000 units of vitamin D, 200 
mg. of asorbic acid, 20 mg. of thiamin, 10 mg. of riboflavin, and 200 mg. of nicotinamide 
per day. The nitrogen intake per week administered by vein was equivalent to 225 
to 625 Gm. of protein, while by intubation over the same period of time from 1000 
to 1200 Gm. of protein were administered. 

The results were striking. Immediately following the administration of the 
albumin and concentrated plasma there was an abrupt delivery of the edema, which 
continued to diminish in degree throughout the first week of high protein intake. During 
the second week of forced alimentation the edema reappeared briefly, due, in part, 
to an error in making up the amino-acid solution in isotonic saline, instead of in 
distilled water. About 10,000 MI. of saline solution were thus administered over a 
period of four days before the error was detected. However, the correct procedure 
was reestablished and the edema gradually decreased until, by the beginning of the 
15th week, it disappeared. The forced alimentation was continued until the end of 
the 19th week. 

In the 14th week his general appearance and the appearance of his granulating 
surface had improved to such an extent that for the first time since the burn it seemed 
possible to perform skin grafting operations. Because of the great area involved, 
Reverdin grafts were chosen as the only reasonable kind. During the next four 
weeks he underwent, in bed, four three-hour sessions of grafting. Novocain anesthesia 
was used. The growth of new skin between the grafts was exceptionally rapid. 

The total plasma protein rose from the 12th to the 19th week to an almost normal 
level. Following the administration of albumin, there was an abrupt rise in the plasma 
albumin fraction. The loss of edema during the day following the administration of 
albumin was striking. It may also be mentioned that there was a slow rise of globulin 
from the 12th week on. The rise continued and resulted in an abnormally high globulin 
level. The cause of this rise is not at present known. Liver function tests at. this 
time were normal although infection was present. 

At the conclusion of the period of forced alimentation, it was calculated that a 
positive balance of 6000 Gm. of protein existed in this patient. However, partition of 
the blood and urine nitrogen showed no remarkable loss of amino-nitrogen when amino- 
acids were injected. Neither was the total nitrogen of the urine remarkably increased. 
In fact, on one day, when the intake was calculated as 500 Gm. of protein, the patient 
retained approximately 380 Gm. and the urine nitrogen excretion showed a 75 per cent 
conversion of all excreted nitrogen to urea. It would appear, therefore, that the loss 
of nitrogen through the granulating surface or the demand for tissue must have been 
very great, since, while the calculated nitrogen deficit based on intake and output 
studies was more than balanced by forced alimentation, he continued to metabolise and 
to retain large amounts of protein. 

The clinical improvement of the patient under this regimen was striking. In the 
19th week he was returned to a diet of 125 Gm. of protein without noticeable return 
of edema. In the 23rd week he was weighed for the first time since the accident. 
Although his health and appearance had improved greatly from his worst condition, 
he was still 55 pounds below his normal 167. 


218 


Volume 118 PROTEIN NUTRITION IN BURNS 


Number 2 


Discussion.—The findings in this patient, and in the eight other patients 
studied, are confirmatory of the observations of Lucido.* In severely burned 
patients there appears to be an excessive loss of nitrogen into the urine in 
addition to large losses of nitrogen by exudation from the burned surface, 
and an increased nitrogen demand for the building of new tissue. These three 
factors can result in serious nitrogen deprivation, with consequent edema 
and general malnutrition. The causes of increased nitrogen loss are many. 
Tissue destruction, infection, increased metabolism and demand for protein 
for the repair process all play a part. 

It must be emphasized that, while the majority of burned individuals 
may restore nitrogen balances on simple dietary regimens, severely burned 
patients may not. There was a direct relation between the extent and 
severity of burn and the amount of nitrogen loss in the present series of cases. 

Nitrogen balance studies based upon urine and stool analyses, together 
with known nitrogen intake, cannot reveal the quite considerable nitrogen 
loss from the burned surface and the demand for building new tissue. On a 
high protein diet alone, this patient developed a protein deficit of 2000 Gm., 
based upon intake and output studies, which was eliminated and a final, 
apparent, positive balance obtained. In spite of this, the patient’s edema 
increased and it was not unti! a total nitrogen retention estimated at over 
6000 Gm. of protein had been obtained that the edema was. completely 
delivered and a good nutrition obtained. In other words, at least 6000 Gm. 
of protein were required, over and above that indicated by balance studies 
by this patient, and this only after the net loss of 55 pounds of his original 
body weight. 

These results suggest that an early appraisal of nitrogen losses in burned 
patients is necessary. When marked negative nitrogen balances appear, steps 
must be taken to provide an enhanced nitrogen intake. In some severely 
burned patients positive nitrogen balances will be found impossible to 
maintain from diets alone, due to the physical impossibility of ingestion 
of such diets. In such an event, it is suggested that forced alimentation by 
intubation or by the intravenous administration of amino-acids, with the 
precautions previously stated,” should be attempted as soon as possible. 

With such protein deficits as shown here, replacement by whole blood 
or plasma transfusions are clearly impossible, since it would be necessary tg 
administer 120 liters of plasma to accomplish the equivalent of the supple- 
mentary alimentation given. The only satisfactory way that can be considered 
at present is forced alimentation by intubation and amino-acid administration 
by vein with proper precautions. 


SUMMARY AND CONCLUSION 


1. Increased nitrogen excretion in the urine of some severely burned 


patients has been established. 


219 


= 
fal 
Bie 


TAYLOR, LEVENSON, DAVIDSON, BROWDER AND LUND Annals of Surgery 


2. Calculable nitrogen deficits, based upon intake and output studies alone, 
of some duration and great magnitude have been observed. 

3. Correction of such a deficit by high protein feeding failed to bring 
a patient into true nitrogen balance because of incalculable losses which were 
probably from the burned and granulating surface. 

4. Heroic intravenous and tube feeding apparently restored his true pro- 
tein balance. This feeding reached a level of intake of the equivalent of 2000 
Gm. of protein per week, and resulted in establishment of an apparent posi- 
tive nitrogen balance of over 6000 Gm. 

5. In spite of this apparent positive nitrogen balance, he is still more than 
one-third below his normal weight, so that even the calculation and considered 
deficits are much below the actual one. 


The authors acknowledge the technical assistance of the Laboratory Staff of the 
Thorndike Memorial Laboratory and of the Burns Assignment. They also express 
their gratitude to the Surgical Staff and the Special Diet Kitchen of the Boston City 
Hospital, without whose cooperation this study could not have been made. 
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Discussion.—Dr. Letanp S. McKittrick (Boston): Doctor Allen asked me if | 
would pinch-hit for him. I feel totally inadequate to discuss any one of these three papers. 
Doctor Allen felt, however, that it might be of some interest, as a part of this discussion, 
to summarize briefly the results at the Massachusetts General Hospital on the patients 
from the Cocoanut Grove disaster. When he found he had to leave town, he handed 
fae this slip of paper on which were some figures given to him by Dr. Oliver Cope, 
who had taken a very active part in all the work of this group of patients. 

There were 114 casualties brought to the Massachusetts General Hospital in the 
period of about an hour and a half. Theré were a few stragglers after that, but not 
very many. Fifty-five of those were dead on arrival, and within 15 minutes another 
20 died, making a total of 75 deaths out of the 114 patients. Thirty-nine patients 
were admitted for treatment. 

The hospital was particularly well suited to handle a group of this size. One 
surgical floor was completely evacuated, and these 39 patients were promptly sent 


to this floor. 
These burns all followed a pretty uniform pattern—face, hands and trunk were 
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burned. It was apparently a flash-type of burn, and practically all of them had some 
type of pulmonary complications. Many of them had pretty severe burns of their 
upper respiratory trees. There was little or no burn shock, possibly because of, or 
in spite of, the fact that it was a cold night; they were all wet; and many of them 
had been out in the cold for a matter of 20 or 30 minutes before they had arrived 
at the hospital. There were no associated injuries of any kind, no fractures, no open 
wounds. It was purely thé burn and its associated problems. 

Doctor Churchill felt that this should be an ideal group to try a method of 
treatment which he had come to believe was well suited to burns of this type. There 
was no débridement. There was no cleaning. A simple boric ointment dressing 
and pressure were applied to wherever the burns might have been. On the faces, 
nothing but the nose and mouth were left open. Those who were not sensitive were 
given tetanus antitoxin. Sodium sulfadiazine was given to all of them. In this con 
nection, it is interesting to note that the bleb fluid contained the same level of diazine as 
did the blood. The slough of the deep burns contained organisms, but there was no 
cellulitis, lymphangitis, or lymphadenitis. 

It was felt that the isolation of this group of patients was about as complete as 
could be obtained. Visitors were not allowed. Nobody was allowed on the floor 
except those actively associated with the care oi the patients. Even a lot of men 
who had spent all night treating burns were not allowed to go in and follow the cases. 
Everybody who had to do with the patients was masked and, so near as possible, 
the strictest aseptic precautions were carried out. 

Now as to the results. Of the 39 patients, seven died. Within the first 12 hours, 
there were no deaths. The seven deaths occurred from 13 to 62 hours—all of pulmonary 
complications. At the end of 42 days, one of the men committed suicide. 

There were seven patients who had from 50 to 70 per cent of their bodies burned, 
and of those seven, four lived. Nearly all patients had some degree of pulmonary 
complications ; five requiring tracheotomy. Three of these died. 

As Doctor Whipple said, and as would be expected, the second degree burns healed 
very promptly. Seventeen of the 39 patients were discharged from the hospital by 
the end of two weeks. 

Nine of the ten patients with deep burns required extensive skin grafting. All of 
the patients have now left the hospital. 

There were two or three points which are worthy of note. Without any question, 
we gave some of these people too much morphine. We misunderstood the restlessness 
and the mania of anoxia for pain, and in two or three occasions morphine was prob- 
ably given to a hazardous degree. It was the feeling of Doctor Beecher, and, I think 
of all the group, that the barbiturates, in many instances could have been employed 
with much greater safety. Care must be taken not to give excessive salt, especially 
if normal saline is used to dilute the plasma. 

After a review of these patients, it was our feeling that, for a group of casualties 
such as this, the method of treatment employed had certain definite advantages: It 
was simple; could be easily applied by less skilled personnel; permitted early application, 
thus minimizing contamination; and did not interfere with the treatment of shock 
or anoxia. I think we were all impressed with how quickly they became comfortable 
and how little medication was required to keep them so. 


Dr. Rospert Erman (St. Louis): The war and other catastrophies often give a 
ray of light to physicians and investigators, because it stimulates and gives oppor- 
tunity of learning a good deal more about the various injuries and difficulties with 
which we are confronted. I think this is important, and Dr. Whipple has emphasized 
the fact that we are now learning a great deal more about burns than we ever did 
before. This point should be emphasized because at no time in the treatment of any 
condition should we ever rest on our laurels and think that the problem is finished. 
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To anyone who has tried to prepare extensive full-thickness third degree burns for 
skin grafting, the problem of nutrition is a very real one, and yet it is frequently 
overlooked. The observations of Dr. Lund, and his collaborators, have added much 
to our knowledge of the mechanism of the nitrogen loss in these severely burned 
patients, and I hope that their further studies may reveal the cause of this excessive 
loss, so that it may be prevented. Until this occurs, however, we must treat this nitro- 
gen loss by increasing tremendously the nitrogen intake with high protein feedings. The 
magnitude of this increase is well shown by the high protein diets given their patients. 
That they were successful is indicated by the fact that they were able to give one 
of their patients in one day as much as 500 Gm. of protein, a nutritional feat which 
to me could be described as a therapeutic triumph. 

It might be mentioned, of course, that an ounce of prevention is often worth a 
pound of cure, and that if one starts the high protein and high caloric intake as early 
as possible after the burn, much of the protein deficiency can be prevented. In one 
of our cases, the kodachrome of which is presented herewith, (taken on the 34th day), 
we started our high protein diet within the first week after the burn, in fact, as soon 
as the vomiting stopped. This was more than a 40 per cent full-thickness burn and, 
as you can see, the granulating area is free of slough and clean. She was treated by rapid 
coagulation with tannic acid and silver nitrate. I attribute part of her excellent general 
condition to the fact that she was very fond of chocolate malted milk and ice cream, and 
this was given her practically day and night. She probably ingested as much as five 
Gm. of protein per kilo per day, although we do not have the exact figures. This 
does not reach the record established by Dr. Lund, which is almost ten Gm. of protein 
per kilo per day. 


Dr. Evarts A. GraAHam (St. Louis, Mo.): I have nothing very much to add 
to the discussion, except that I wonder if Doctor Lockwood is familiar with the work 
of Doctor Hogan on .the use of gelatin, which was published about the year 1912. 
Doctor Hogan was a pupil of Dr. Martin Fisher, who is Professor of Physiology 
at Cincinnati. 

This work was done before blood transfusions had reached a practical stage. 
It seemed that the promise of gelatin as a medium which could be used in the 
treatment of shock in place of the impractical blood transfusion at that time, might 
answer a very difficult problem which confronted surgeons. 

The difficulties which confronted Doctor Hogan, however, were, first of all, 
I think the difficulty in having a gelatin which was nontoxic, but, at any rate, in his 
experimental animals he got results from the use of gelatin which seem to be 
very promising indeed. 


Lt. Compr. Maurot, M.C. (Norfolk, Va.): As one member of the burn team 
at Norfolk General Hospital, I have helped to treat all the burns received there 
during the past seven months. We have met with all the problems outlined so excellently 
by Doctor Lund. During this time, we have tried to combat the hypoproteinemia with 
plasma, and have been unsuccessful. We also had difficulty in feeding a sufficiently 
high protein diet to a patient to have their protein reach a point of six to eight 
per cent. 

Doctor Lund spoke of hypoproteinemia and also the terrific anemia seen in these 
cases. In some cases we have seen a burn case having red blood count of four million 
fall to two and a half million in four days. We cannot explain this terrific anemia 
in such a short time. We have not seen any cases of jaundice, nor any cases of 
hemoglobinuria; and we have not been able to prove, as some writers have stated, that 
there is an increased fragility of the red blood cells. 

There is one point I wish to bring out on skin grafting . We attempt to graft our 
burns as soon as possible; if feasible, between the tenth and fourteenth day after the 
initial injury. In some of our cases in which the burned area is more than 50 per 
cent, it has been difficult to find areas of skin from which to graft, so we have developed 
the following technic, which, however, is not original, although there is nothing in 
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the literature upon it: We take a section of skin approximately an inch and a half 
wide and three inches long, the full-thickness of skin, shave all the fat from the 
under surface of it, and divide the skin into two portions, giving us two pieces of skin 
approximately three inches long and approximately three-quarters of an inch wide. We 
then shave the full-thickness grafts, each of which are about three-quarters of an 
inch wide and approximately a thirty-second of an inch thick. The donor area is 
closed by interrupted sutures. From a piece of skin of this size, we can obtain 
approximately 200 small pinch grafts, and the donor area can be sutured, closed, 
and held by primary means. 

In other grafts that we did originally, using Thiersch’s or intermediate-thickness 
grafts, the donor area will not heal and usually becomes infected, or in other words, 
you are merely “robbing Peter to pay Paul”’—you take skin from the thigh to place on 
the arm, and then the thigh will not heal and you have to graft it. 


Dr. ALEXANDER Brunscuwic (Chicago) : We have been interested in gelatin also 
from the standpoint of parenteral nitrogenous nutrition. It has been possible to main- 
tain dogs in’ positive nitrogen balance 12 days or more with daily injections of gelatin, 
dogs who take little or no protein by mouth. It can be used in man, but the real value 
of its use in man, of course, has to be determined. There is no question about its 
safety. We have given it in doses of 100 to 150 cc. of ten per cent solution daily for 
12 days, supplementing light diet by mouth, without any reactions. As much as 300 cc. 
of a ten per cent solution of gelatin has been given intravenously, in a short time, to 
patients without reactions. We have given it to patients for periods of four to five 
days, followed by a rest period of 10 to 12 days, and then resumption of injections, 
without observing acquired sensitivity. 

In contemplating studies with gelatin, one has to choose the source. There are 
several kinds: there is hog or calfskin gelatin, bone gelatin, and fish swim-bladder 
gelatin. They are made in various ways by different manutacturers. As they come 
from the manufacturer, a ten per cent aqueous solution may gel at room temperature, but 
autoclaving for 45 minutes or an hour affords a solution that will not gel until much lower 
temperatures are reached (-8° C., or lower). 

I think it offers a very interesting substance with which to work. It is not a 
complete protein, but by supplementing it with the missing amino-acids it may prove 
to be a very valuable substance for intravenous feeding. It is easily available, very 
cheap, and very easy to handle. 


Dr. Cuartes C. Lunp (Boston, closing): The caloric intake is very important in 
giving a high protein diet. If a high protein diet is given without plenty of carbohydrate, 
some of the protein has to be used for fuel. 

During the period of highest protein intake, when this man turned the corner, his 
caloric intake was about 6000 calories per day. During fairly jong periods of time, 
the intravenous amino-acids made up about a third of his nitrogen intake. More can 
be used if the veins will stand it. In fact, complete nitrogen balance in patients, who 
do not demand as much nitrogen as these patients do, can be achieved by intravenous 
treatment alone. There are reactions. I think there are reactions with all available kinds 
of amino-acids at present, but they are not terribly serious. 

I disagree with my friend, Dr. Koch, about one point, in his final three-point state- 
ment of the all-important things in burns. One of the points was the prevention of 
infection. Now, when you have a burn with deep, extensive, third-degree loss, you 
are going to get colon bacilli and staphylococci in the area, no matter what treatment. 
Complete prevention of infection is beyond human capabilities at present. I think Dr. 
Koch will agree with this. Therefore, think about how to treat this inevitable infection. 
The best program we can offer is to treat the infection indirectly, by supporting the 
patient so that he can withstand the infection. That is a principle that goes back for 
ages. Shattuck, for instance, at Massachusetts General Hospital, in 1897, published a 
paper on “The Increased Feeding of Patients with Typhoid Fever.” His results were 
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not spectacular, but the principle was absolutely sound, and his results did show a 
definite improvement. 

I am very much interested in Dr. Maurot’s comments, and I hope he will continue 
his efforts by using the stomach tube. Dr. Whipple has suggested the use of a Miller- 
Abbott tube. 

We used to think one could not undertake grafting until the infection was cleaned 
up in the whole area. We have started recently, putting small Thiersch grafts onto 
granulation tissue as soon as a small area of it is free of slough, in spite of there 
being dying foul-smelling slough very closely adjacent to this area. If the patient's 
nutrition is right, such graits, completely surrounded by infection, with the help of 
a little sulfanilamide perhaps, will take. 


224 


AMINO-ACIDS, SERUM AND PLASMA IN THE REPLACEMENT 
THERAPY OF FATAL SHOCK DUE TO REPEATED HEMORRHAGE* 
AN EXPERIMENTAL STUDY 
ELtmMan, M.D., anp E. Liscuer, M.D. 

Str. Louis, Mo. 


FROM THE DEPARTMENT OF SURGERY, WASHINGTON UNIVERSITY MEDICAL SCHOOL, AND BARNES HOSPITAL, 
SAINT LOUIS, MO, 


IN PREVIOUS sTUDIES from this clinic it was shown*: * !! that the amino- 
acids of hydrolyzed protein are effective as a parenteral method of correcting 
hypoproteinemia of nutritional origin. In view of the obvious practical ad- 
vantages of such solutions over plasma, it was natural to try their possible 
therapeutic value in the acute hypoproteinemia which follows severe hemor- 
rhage. In this communication are described experimental studies on fatal 
shock produced by repeated hemorrhage, in which replacement of the lost 
blood by an amino-acid mixture seemed to have a beneficial effect. A pre- 
liminary note has already been published.’ 

Extensive experiments, of course, have dealt with the production of 
surgical shock by hemorrhage,'*.** many by members of this Associa- 
tion.’: 1 2° However, in the present experiments the approach has been, to 
a large extent, biochemical rather than physical or physiologic. This deserves 
emphasis, inasmuch, as amino-acid mixtures can in no real sense be classed 
as a blood substitute because they lack the colloidal properties of blood plasma. 
The value of such injections, if they have value, must depend upon the 
ability of the body to use amino-acids to synthesize plasma proteins rapidly, 
or for nutritive or other metabolic purposes. Nevertheless, comparative ex- 
periments were carried out with serum and plasma. 

Considerable evidence that protein metabolism is a rapid procedure 
emerges from the important work*? with isotopic nitrogen. Other workers” 
have recently shown that similarly labeled amino-acids appear in plasma 
proteins within an hour after injection. These fundamental studies indicate 
that it is theoretically possible for injected amino-acids to be made into plasma 
proteins very rapidly, and thus act as an indirect substitute or supplement to 
plasma. Undoubtedly, the liver is the key organ in this process and we shall 
have some evidence to show that this is the case. 


EXPERIMENTAL PROCEDURES 

Because surgical shock involves so many variables, we adopted a method 
which seemed to give a relatively uniform response. Instead of basing our 
experiments on the level of hypotension or the amount of hemorrhage, we 
subjected dogs to uniform repeated bleedings (10 cc. per kilogram of body 
weight each hour) until death ensued, and then used the survival time as the 
basis for measuring the effect of various replacement procedures. Systolic 


* Aided by a grant from the Commonwealth Fund. 
Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio. 
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blood pressure as well as hematocrit and fractional plasma proteins were also 
determined. General anesthesia was not used. The effect of changes in 
posture was avoided by carrying out the entire experiment winle the animal 
was in the supine position. 

Unselected mongrel dogs, varying in weight from 7 to 19 kilograms, were 
given water ad libitum, but no food during the 18-hours preceding the begin- 
ning of each experiment. A cannula was inserted into the femoral artery 
and bleeding carried out as rapidly as possible; the calculated amount usually 
being obtained within a minute or two. The systolic blood pressure was re- 
corded before and after each hemorrhage with a Tycos manometer’ connected 
to the same cannula used for bleeding. For hematocrit and fractional plasma 
protein determinations, samples of heparinized venous blood were taken 
immediately preceding each hemorrhage. The former was measured after 
centrifugalization at 3000 R.P.M. for 30 minutes. Supernatant plasma was 
drawn off; the nonprotein nitrogen estimated by nesslerization, fractionation 
carried out,* and nitrogen determined by a Kjeldahl procedure.** 

The therapeutic value of the various solutions tested was compared by 
using them to replace the blood removed after each hemorrhage. The fluids 
for replacement were sterile, but no attempt at complete asepsis was made 
during the experiment because of its short duration. The injections were 
rapid and followed immediately each bleeding, the volume being exactly equal 
to the volume of blood removed. In most experiments the fluids were injected 
into the femoral artery through the same cannula used for bleeding, but in a 
few groups the fluid was introduced into the adjacent femoral vein. 

Seven groups of experiments were carried out as follows: 


TABLE I 
No. of Dogs Replacement Fluid 
Na ae eee 20 10% glucose in normal saline solution. 
6 Pure amino-acids 5%, glucose in normal saline 5%. 
| Ae eer 20 Protein hydrolysate 5%, glucose in normal saline 5%. 
A ee 10 Dog serum diluted with an equal quantity of 10% glucose 
in normal saline. 
Oo See ae 10 Citrated dog plasma diluted with an equal quantity of 
10% glucose in normal saline. — 
Os ee a 10 Heparinized dog plasma diluted with an equal quantity 


of 10% glucose in normal saline. 


The protein hydrolysate* was an enzymatic digest of casein (Amigen) or 
beef serum. No difference was observed in the results with these two hy- 
drolysates. The pure amino-acids} consisted entirely of essential amino- 
acids.24_ Both solutions were neutralized with sodium hydroxide to a pu 
of 6.5 to 7.5. The nitrogen content of the two was similar, 7.¢., 0.66 and 0.63 
gm. per cent, respectively. Serum was obtained by centrifuging clotted dog 
blood; in some cases it was fresh and in others it had been stored for two 
weeks at freezing temperatures before separation; no obvious difference was 


* Supplied through the courtesy of Dr: Warren M. Cox, of Mead Johnson and Co. 
+ Supplied through the courtesy of Dr. D. F. Robertson, of Merck and Co. 
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observed in the effects of these two methods of preparation. The citrated 
plasma contained about 0.6 gm. per cent of sodium citrate. To obtain the 
heparinized plasma one-half cubic centimeter of heparin solution (Lederle) 
was added to each tooo cc. of whole dog blood. 

It should be pointed out that dilution of whole plasma and serum was 
necessary, so that the actual amount of plasma protein replaced was roughly 
the same as that removed. An equal amouni of diluting fluid was used be- 
cause the average red cell volume was 50 per cent. Constancy of the plasma 
proteins was insured by using pooled piasma from many dogs. 

At the termination of each experiment a microscopic section was made of 
the liver. In a separate series of six dogs, a biopsy of the liver was removed 
under nembutal anesthesia two hours before the initial bleeding and at death. 
In three of them glucose was used as replacement, and in the other three 
hydrolyzed protein. 


ee 


NO SURVIVAL TIME 
| OF IN HOURS REPLACEMENT 
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10 | 3.70 64.36 | NO REPLACEMENT__ 
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+37 | PURE AMINO ACIDS 
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38 CITRATED PLASMA 


.2} | PROTEIN HYDROLYSATE 


2 


| HEPARINIZED PLASMA__ 


Fic. 1.—Survival-Times in the Seven Groups of Experiments 
Described in the Text: S. D. = Standard deviation, calculated ac- 
cording to usual statistical formulae. Note that replacement with 
heparinized plasma and a protein hydrolysate gave the longest sur- 
vival time, and the relatively poor showing with serum and citrated 


plasma. 


EXPERIMENTAL RESULTS 

The first observation of interest was that removal by repeated bleedings 
of an average of but 43 cc. per kilo of blood led to an invariably fatal out- 
come; by contrast, survival is frequent when the same amount of blood is 
removed in a single hemorrhage. This has been the experience of other 
observers and we have performed single hemorrhages of this magnitude with 
a mortality of but 20 per cent.® Clinical observations are similar, in that 
patients often survive a single bleeding, but are apt to succumb after sub- 
sequent though smaller ones. This is especially true of war wounds, for 
even if there has only been a single initial hemorrhage, further bleeding is 
sure to occur during débridement. 

Survival Time——Of greater importance was the observation (Fig. 
1) that replacement with 10 per cent glucose in normal physiologic 
saline had no influence on the survival time, in contrast to the results with 
the solution containing hydrolyzed protein, in which the survival time was 
227 
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5.1 hours, as compared with 3.6 hours for the controls.* The experiments 
with pure amino-acids were only six in number, but the results (survival time 
= 4.2 hours) were only somewhat better than with glucose (survival time 
= 3.6 hours), indicating that the greater effect of the hydrolyzed protein on 
survival time could not have been due to the mere presence of amino-acids 
per se. 

Of special significance were the comparable experiments in which serum, 
citrated plasma and heparinized plasma were used for replacement. The first 
two fluids produced no greater survival time than was obtained with the 
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Fic. 2.—Blood Pressure Response: The curves were drawn from mean values in groups of dogs 
surviving at least three or four hours, but does not include the terminal fall. The curve in which 
there was no replacement is shown in all of the above three graphs, 

A. Note pronounced fall during intravenous replacement with glucose as compared with hydro- 
lyzed protein. 

B. With intra-arterial replacement the difference noted in A is the same, but not as pronounced. 

C. Note the precipitate early fall with citrated plasma. Serum showed the same though some- 
what delayed drop. Heparinized plasma, after two hours, maintained a good level of pressure. 


hydrolyzed protein. The heparinized plasma, on the other hand, resulted in 
the longest survival time (six hours). 

Of some interest is the fact that no differences were observed in the sur- 
vival time between experiments in which the fluid was replaced intravenously 
as compared with those in which they were injected intra-arterially. This 
topic has been the subject of previous investigations.® ™ 1 

Blood Pressure Response.—A progressive fall in blood pressure was ob- 
served in each group of experiments as shown in Figure 2. In gen- 
eral, the behavior of the blood pressure was somewhat variable, an observa- 
tion made by others. In many instances the drop after each hemorrhage was 
pronounced but recovery good, whereas, in others the blood pressure was 


* That this difference is statistically significant is shown by dividing the difference 
of the means by the standard deviation of the difference. When the figure thus obtained 
is used in consulting statistical tables, it becomes a certainty that this difference is not 
a chance phenomenon. 
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maintained rather well but then dropped abruptly before death. Neverthe- 
less, the average values obtained in similar groups of experiments show sig- 
nificant variations which in most instances can be correlated with the survival 
time. For example, the greatest blood pressure drop was exhibited by the 
dogs in which citrated plasma was used, whereas, with the heparinized plasma 
the blood pressure was sustained after a drop in the first two hours. More- 
over, the hydrolyzed protein was followed by a definitely higher blood pres- 
sure than similar experiments with ten per cent glucose, particularly when 
replacement was intravenous rather than intra-arterial. Quite surprising 
was the fairly good blood pressure, until the terminal fall, in dogs bled with 
no replacement. 

Red Cell Volume and Plasma Proteins —A progressive fall in red cell 
volume, plasma albumin, and globulin was observed in all experiments, al- 
though there were definite and significant differences between the different 
groups. For purposes of simplification, presentation of this data is limited 
to that shown in Table II. Therein, are figures representing the observations 
made three hours after the beginning of the experiment, 7.¢c., after each animal 
had lost 30 cc. per kilo, and just before the fourth hemorrhage was carried 
out. The numbers refer to the fall in value expressed as a percentage of the 
initial determination. For example, the experiments in which pure amino- 
acids were used for replacement at three hours showed a drop in hematocrit 
to 98 per cent, in albumin to 83 per cent, and globulin to 88 per cent of the 
initial value. 

TABLE IT 
Hematocrit Albumin Globulin 


Pure amino-acids........ 98 83 88 
No replacement Non 94 90 94 
Hydrolyzed protein anny 88 81 75 
Glucose ori 83 74 71 
Heparinized plasma 79 8&3 81 
Citrated plasma 15 77 79 

85 85 94 


The importance of this data on plasma proteins and red cell volume lies 
in the fact that they measure the factors influencing fluid shift and colloidal 
osmotic pressure, which, as discussed in a previous paper,” control these com- 
pensatory mechanisms following hemorrhage. In other words, restoration 
of blood volume from extracellular fluid (hemodilution) is indicated by the 
fall in the hematocrit, while the addition of the two plasma proteins to this 
diluting fluid, particularly albumin, which contributes 85 per cent of the 
colloidal osmotic pressure of the blood, is indicated by the comparative 
changes in their relative concentrations. 

Pathology.—At autopsy, the bloodless condition of the tissues was a uni- 
form finding. The viscera were pale and in no instance was any engorge- 
ment or congestion of the intestines observed. Study of microscopic sections 
of the liver were of greatest interest. and showed in general a shrinking or 
diminution of stainable cytoplasm. This was less pronounced in the dogs 
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receiving hydrolyzed protein as compared with those getting glucose as re- 
placement (Figs. 4, 5 and 6). The significance of these findings is discussed 


later on. 


Fic. 3.—Photomicrographs (x 570) before and after a severe hemorrhage. The patient 
was a 14-year-old female; a splenectomy carried out. The section at the left shows the 
condition of the liver as revealed in a biopsy taken at this time. The section at the 
right is the autopsy specimen removed 6 hours later, death being due to a large intra 
abdominal hemorrhage. Note the atrophy, the liver cords on the right indicating a 
depletion of hepatic cytoplasm. The sinusoids are correspondingly dilated. 

Fic. 4.—Photomicrographs (x 570) of liver sections obtained at autopsy in fatal 
experimental hemorrhages in dogs. In the left the bled blood had been replaced by a 
solution containing hydrolyzed protein, on the right by glucose. Note the loss of 
stainable hepatic cytoplasm (vacuolization) on the right as compared with the rela- 
tively normal liver cords on the left. 


ComMMENT.—Two features of the present experiments should be empha- 
sized. First, general anesthesia was not used, thus, as pointed out previ- 
ously,® eliminating certain complicating factors in the normal response to 
hemorrhage. Second, a fatal outcome was invariable in each experiment with- 
out altering the details of the procedure, thus avoiding any subjective influ- 
ence on observations. 
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The results with serum and plasma replacement have an immediate prac- 
tical bearing on the use of these fluids in the treatment of human surgical 
shock. The poor showing of citrated as compared with heparinized plasma is 
obvious on comparing the blood pressure response as well as the survival 
time. This confirms experiments performed by others.*»*4 The fact that 
citrated plasma produced changes in red cell volume and in plasma proteins 
which were similar to those with heparinized plasma (Table II) suggests that 
citrated plasma was just as effective in controlling fluid shifts and colloidal 
osmotic pressure. It would seem, therefore, that a toxic effect of sodium 
citrate may have been responsible. That serum was no better than citrated 
plasma is more difficult to explain, although there is some evidence that 
serum, under certain conditions at least, is toxic when used instead of 
plasma.1® Serum, moreover, behaved unlike plasma in that the changes in 
hematocrit and plasma protein were somewhat different as indicated by ‘e 
findings in Table II. For example, the albumin fell more than the glob:‘'n, 
suggesting some loss of this fraction from the circulation. In experiments by 
others,!# serum was also found to be inferior to heparinized plasma, in re- 
placement of large single hemorrhages in the dog. Further study of the effect 
of serum injections seems necessary. 

As to the beneficial effects of hydrolyzed protein on survival time and on 
blood pressure, the most obvious explanation is that they were utilized in the 
synthesis of serum albumin, thus enabling the body to withstand the effects 
of further hemorrhages. Study of the hematocrit and plasma protein deter- 
minations does seem to justify such an inference. Thus, perusal of Table IT 
shows a slight but definite difference in the behavior of albumin and globulin. 
It will be noted that the fall in albumin was relatively less (as compared with 
the globulin) in the experiments in which hydrolyzed protein as compared 
with those in which glucose was injected. This suggests that more albumin 
was added to the diluting fluid in the experiments in which hydrolyzed pro- 
tein was used. 

A contrasting result on red cell volume and plasma proteins is apparent 
in the experiments in which pure amino-acids were used and the ones in 
which no replacement was carried out. In both of these groups there was 
very little hemodilution, which means but slight restoration of blood volume. 
For this reason, the relatively slight fall in protein was of little significance 
as far as restoration of lost plasma proteins is concerned. Yet the albumin 
dropped much more than the globulin, indicating loss rather than addition 
of albumin to the circulating blood during the rather insignificant inflow of 
fluid. In other words, the compensatory mechanisms controlling fluid shifts 
seemed less active than in the other experiments. Why the pure amino-acids 
proved less effective than the hydrolyzed protein is probably due to the fact 
that they differed significantly in composition from the latter in that they con- 
tained no polypeptides and only the essential amino-acids, most of which were 
synthetic and, therefore, available only as racemic mixtures. Because of the 
last factor, a majority of the amino-acids were present in the unnatural form, 
which are probably biologically ineffective. 
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In evaluating the results with hydrolyzed protein, the biopsy stucies of the 
liver are of considerable interest. In general, they show changes indicating 
that the liver contained a higher protein content in the experiments with 


Fic, 


Fic. 5.—Photomicrographs (x 570) of liver sections before and after repeated hemor- 
rhages ; replacement with glucose. This experiment differs from the others in that nem- 
butal anesthesia had to be given to get the control biopsy. Nevertheless note the atrophy 
of the liver cords as well as vacuolization of the cytoplasm on the right as compared with 
the control on the left. This change is to be contrasted with Text Fig. 6 in which 
hydroly zed protein was used for replacement. 

6.—Photomicrographs (x 570) of liver sections before and after repeated hemor- 
with solution containing hydrolyzed protein. Note the relative absence 


of atrophy and vacuolization on the right as compared with the changes observed in 
Text Fig. 5. 


hydrolyzed protein than in those with glucose (Figs. 5 and 6). This inter- 
pretation is based upon many previous studies in which the amount of protein 
in the liver seemed to be correlated with the stainable protoplasm."’: "' 
Corroborative, are other observatiuns!'® in which stained droplets in the liver, 
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apparently protein in nature, disappeared following experimental hemorrhage. 
Moreover, we have observed, in a human, what seems to be a loss of hepatic 
cytoplasm as a result of a fatal hemorrhage (Fig. 4). Further studies, how- 
ever, will be necessary before this correlation rests on more secure foundations. 

That the speed of the intravenous injection has some influence on the re- 
sults also seems evident. Thus, many of the experiments described herein 
were repeated, giving the replacement fluid slowly by intravenous drip over 
the course of the hour between hemorrhages instead of rapidly following each 
bleeding. The results were remarkably similar to those reported above, with 
the exception of glucose and heparinized plasma, which resulted in a slightly 
longer mean survival time when given slowly intravenously. That the manner 
of replacement has an important influence was also noted in a report*! of 
shock induced in dogs by the tourniquet method; while fatalities were suc- 
cessfully combated by repeated small plasma transfusions, the slow injection 
of plasma for 30 to 50 minutes following release of the tourniquet resulted 
in shock and death, although the total amount of plasma given to the two 
groups was the same. Reasons for this difference were not found on analysis 
of the data on hematocrit, plasma protein, hemoglobin and blood volume. 

A comment should be made in regard to amino-acid mixtures made by 
hydrolyzing protein, i.c., any protein may be hydrolyzed to any degree. The 
product used herein was hydrolyzed to about 70 per cent of completion; in 
other words, 30 per cent of the protein molecule was still in the form of 
amino-acid aggregates or small polypeptides. The larger these aggregates 
the more they approach the properties of protein and the more likely they 
are to possess colloidal properties. These considerations may eventually 
prove of practical importance, inasmuch, as slightly hydrolyzed proteins may 
be of sufficient molecular size to exhibit the properties of plasma proteins and 
yet may have lost any anaphylactic or antigenic properties possessed by the 
intact molecule. Moreover, no one knows how small the hydrolyzed protein 
molecule must be before it can be utilized as such by the body in the synthesis 
of other proteins or for other metabolic needs. Further investigation would 
seem to be worth while. 

Certain additional clinical implications may be drawn from the present 
data. Hemorrhage, in many instances, will be accompanied by considerable 
trauma. Whether this be the result of an accident or a planned operative 
procedure, there is an increased nitrogen loss indicating excessive tissue pro- 
tein breakdown.® When there is acute loss of protein, as in hemorrhage, the 
body stores will attempt to replenish this loss at their own expense, thus add- 
ing to the depletion of tissue protein. To replace protein lost from the circulat- 
ing blood is a simple problem and can be accomplished directly with whole 
blood or plasma. On the other hand, correction of tissue protein depletion is 
easier and more direct with amino-acids than with plasma, even when large 
amounts of the latter are given. Thus, in the severely wounded or severely 
depleted individual nitrogen metabolism can be restored to normal more readily 
by using protein hydrolysates, thus, accelerating recovery. Moreover, if whole 
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blood or plasma is not available it would seem that protein hydrolysate is 
preferable to the use of ordinary crystalloid in the treatment of shock due to 


hemorrhage. 


SUMMARY 

Fatal surgical shock in unanesthetized dogs followed bleeding ten cubic 
centimeters per kilo of body weight, every hour, the mean survival time being 
3-6 hours. There was a progressive fall in blood pressure, in red cell volume, 
and in plasma albumin and globulin in all experiments. If the bood removed 
each time was immediately replaced by the same volume of various solutions, 
significant differences were observed as follows: 

The survival time was unchanged with glucose in saline, increased to 4.2 
hours with pure amino-acids, to 5.15 with hydrolyzed protein. With citrated 
plasma or serum survival time was but 4.5 and 4.6 hours, whereas with 
heparinized plasma it was 6.0 hours. 

The fall in blood pressure was greater with citrated plasma and serum 
than with heparinized plasma, whereas, hydrolyzed protein produced less 
hypotension than glucose. 

Study of the changes in red cell volume and in plasma proteins gives some 
indication that the amino-acids of hydrolyzed protein were converted into 
plasma albumin. Histologic study of the liver suggests that protein is lost 
from the hepatic cytoplasm in hemorrhage, and that injecting hydrolyzed pro- 
tein replenishes this loss, as compared with experiments in which glucose was 
used. 


It may be inferred that in shock due to repeated hemorrhage a solution 
containing the amino-acids and peptides of hydrolyzed protein has a beneficial 
influence as compared with glucose and that heparinized is far superior to 
citrated plasma. Various implications of the problem of shock from repeated 
hemorrhage are discussed. 
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Discussion.—Dr. Robert Elman (St, Louis, Mo.): The general phenomenon of 
plasma protein regeneration, particularly by dietary means, has, of course, been 
extensively studied, especially by the Rochester School, under Doctors George Whipple 
and S. C. Madden. What we have shown, I believe, is that this regeneration occurs 
rapidly enough after repeated acute blood loss to have a beneficial effect, provided a 
proper mixture of amino-acids is injected. Such solutions may, therefore, have a place 
in the treatment of shock, insofar, as they can be transformed into plasma proteins, 
thus enabling the body to withstand further loss of blood, which might otherwise prove 
fatal. This may at least spare the need for much of the plasma which would be required 
after the initial hemorrhage. 

I would like to pursue the biochemical point of view a little further. It seems 
clear that much of the problem in the treatment of shock following hemorrhage con- 
cerns the need for rapid restoration of plasma proteins lost in the bleeding. Now 
plenty of fluid is available in the body to restore blood volume spontaneously; actually 
about 20 liters are normally present in the extracellular spaces of an average-sized 
adult, and it is quickly mobilized after hemorrhage. Unfortunately, however, this fluid 
contains practically no protein and this is the reason why its compensatory effect is 
inadequate. True enough, plasma proteins are regenerated eventually, but without 
outside aid, this requires days instead of hours. Now, if a soldier dies after a total 
loss of two liters of blood, one could explain the fatality by saying that the patient 
urgently needed 60 gm. of plasma protein; and that the inability of the body to 
supply it may be described by a well known phrase—“too little and too late.” Yet, 
consider how strange this is: Sixty gm. of protein needed in the blood stream, while 
kilograms of tissue protein are present everywhere, without being used. Well might 
one quote the words of the Ancient Mariner: “Water, water everywhere, nor any 
drop to drink.” According to this line of reasoning experimental studies aiming to 
find means to supplement or supplant the use of plasma might well be directed toward 
the possibility of accelerating endogenous plasma protein replacement. Indeed, it 
may not be too farfetched to look forward to such acceleration from the tremendous 
tissue protein stores by merely injecting appropriate enzymes or catalysts. 


Dr. Lester R. Dracstept (Chicago): This paper by Doctors Elman and Lischer 
presents a number of interesting and puzzling facts. I should have anticipated 
that a single massive hemorrhage would be more apt to be fatal than the gradual 
loss of the same amount of blood because of the time for the compensatory mechanism 
to become active in the former case. | should like to know if the authors have any 
explanation for this contrary finding. 

The better results from the use of protein hydrolysates as compared with glucose, 
it seems to me is very likely to be explained as they have suggested, by the formation 
of plasma proteins from the amino-acids supplied. It means a much more rapid manu- 
facture of proteins from amino-acids than I would have believed possible. 

I wonder if a possible explanation could be that in the presence of this massive 
hemorrhage protein reserves have been called out from the tissues and that the amino- 
acids supplied have furnished material for the more gradual replenishment of the tissue 
proteins. 
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The superiority of heparinized plasma as compared with citrated plasma I think is 
of great and practical importance, now that large transfusions are being administered. 
It seems likely to me that it can be explained on the basis of the toxicity of citrate. 

In a recent experience in our clinic, a very large amount of citrated blood was 
given a patient upon whom I had performed a total colectomy for chronic ulcerative 
colitis. The patient was a young man. He died on the fifth postoperative day from 
a cerebral thrombosis. No studies were made of the coagulability of the blood in this 
patient, but I have since speculated on the possibility that the large amount of citrate 
given may have increased the coagulability of the blood to a dangerous degree. 

This paradoxical effect of citrate in vivo was noted by the early workers on blood 
transfusion, and I believe they called attention to its possible danger. 

I should like to ask the authors if they observed any evidence of intravascular 
coagulation when they gave these large amounts of citrated plasma? 


Dr. CuHartes C. Lunp (Boston): This strikes me as a very important piece of 
work, and I agree with Dr. Dragstedt that the findings are not exactly what one would 
have predicted, particularly in this matter of repeated hemorrhage being more serious 
than the single hemorrhage. 

My experience with amino-acid therapy is very recent and is connected with burns 
rather than with hemorrhage. 

If the action of amino-acids in helping to regenerate tissue—that is, regenerate 
plasma protein—is as rapid as is shown here, which means a matter of hours rather 
than of days, it may be possible to replace some of the large amounts of human plasma 
that are used in treating burns by amino-acids. That will be a very important thing 
in many ways. 

In a hospital such as the Boston City, and others that I know about, that have 
fair numbers of patients coming in with burns, the burn cases are the ones that tend 
to keep or to produce insolvency in blood banks. Many burn patients, of course, 
in spite of large amounts of plasma die. Many burn patients have few or no friends, 
and it is not at all unusual to use up ten or fifteen or twenty units of plasma oa a 
burn case and not have any of them returned to the bank. 

Of course, Dr. Elman’s experiment has not been carried over from hemorrhage 
shock into burn shock, but it would seem logical that it might work in burn shock, 
and would solve this and probably a great many other problems connected with the 
treatment of burns, shock, and hemorrhage, perhaps in a fairly short time. Although 
at present the supply of available injectable amino-acids is so short that it is more 
difficult to get hold of them than it is to obtain plasma, the time may come when we 
wil! not have to bleed quite so many million people for plasma supplies, by using amino- 
acids produced in factories from milk or, as time goes on, other sources of protein. 


Dr. Cart E. Liscuer (St. Louis, closing): The answer to Dr. Dragstedt’s ques- 
tion, as to why the repeated hemorrhage of the same amount is more fatal than a single 
hemorrhage, we do not know, although it seems to us at times that possibly the repeated 
injury to the vasomotor system is a factor. After a single hemorrhage the organism 
is allowed to recover without any further interference, if he does recover, but when 
you bleed the dog repeatedly, although the total amount is the same, each time he gets 
into the recovery phase you hit him again. I do not know whether that has anything 
to do with it or not, but it might. 

As far as the difference in clotting in these dogs, there was a vast difference between 
the dogs that received citrated plasma and those that received heparinized plasma. 
With those receiving heparnized plasma, it was like turning on a water spigot. With 
those receiving citrated plasma, after two or three hemorrhages it became difficult at 
times to get the blood to flow freely, and frequently there were clots and the cannula 
had to be removed and cleaned before the hemorrhage could be obtained. 

In regard to the tissue regeneration or the regeneration of proteins, there has been 
some work indicating that the amount of protein, for example. in the liver, can be 
correlated with the stainable cytoplasm. This is more of- an idea than an established 
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fact, because it requires more study, and it is a study in itself, but the liver sections 
of the dogs that received the protein hydrolysates were, on the whole, better than those 
getting glucose, as far as stainable cytoplasm is concerned. 

Doctor Lund brought up an interesting point in relation to burns. We have tried 
amino-acids in burn shock in dogs, without any immediate benefit apparently, but we 
do feel that if the original or initial shock in burns is controlled by replacement 
therapy with plasma, that the amino-acids are at the present time, even without further 
work, very valuable in helping to return that patient to a state of normal metabolism 
during the convalescence and, thus, will greatly accelerate the convalescence while he 
is losing so much nitrogen, for so many days, following a burn. 
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TRAUMATIC SHOCK* 
AN EXPERIMENTAL STUDY INCLUDING EVIDENCE AGAINST. 
THE CAPILLARY LEAKAGE HYPOTHESIS 


Jacos Finr, M.D., ArNoLp M. Seticman, M.D., anp Howarp A. 
Frank, M.D. 


Boston, Mass. 


FROM THE SURGICAL RESEARCH DEPARTMENT, BETH ISRAEL HOSPITAL, AND THE DEPARTMENT OF SURGERY 
HARVARD MEDICAL SCHOOL, BOSTON, MASS. 


TRAUMATIC SHOCK is a state of vascular collapse which develops under 
such a wide variety of circumstances that some observers regard this condi- 
tion as divisible into various types according to the etiologic agent involved. 
Thus, some of the clinical manifestations of burn shock are not seen in the 
shock of coronary thrombosis or of overwhelming infection. There is, 
indeed, some discrepancy in the objective findings in the blood chemistry, the 
hemodynamics, the intra- versus extravascular fluid and electrolyte balance, 
and in the therapeutic response to drugs and fluids. Moreover, there is 
no unanimity even in respect to the morbid anatomy of traumatic shock, 
for while one observer adduces evidence of wet or hemorrhagic tissues, an- 
other will describe a dry, ischemic state of the tissues. 

It is, nevertheless, possible to find common agreement on certain basic 
issues. When traumatic shock, regardless of cause, exists, it is now agreed 
that (1) the cardiac output is greatly diminished; (2) the velocity of flow 
through the peripheral vascular bed is reduced; (3) acid metabolites are 
present in increased concentration in the blood; (4) the blood carbon dioxide 
concentration is usually diminished; (5) the venous oxygen concentration is 
much reduced, while the arterial oxygen concentration may be normal or 
slightly reduced; (6) the volume of venous return to the heart is reduced ; 
and (7) the blood pressure eventually falls. These phenomena are ali 
invariably present in any and all types, if there are types, of traumatic shock. 
The focal point of the functional disturbance is in the peripheral vascular bed. 
It is, therefore, not surprising that urine excretion is diminished, that oxygen 
consumption is lowered, that the body surface is ischemic and shows evi- 
dence of sympathetic nerve dominance. 

The foregoing phenomena are inevitable consequences of a critically de- 
pleted plasma volume. That such a deficiency exists in most cases of shock 
is certain. But it has also been shown that shock can exist in the absence 
of a demonstrable deficiency of plasma volume. There is, therefore, justi- 
fication for assuming that plasma volume deficiency is not the sole etiology 
of secondary shock, and that in certain circumstances, to which we shall return 
later, additional blood or plasma is not the essential need. In the more 


* Read before the American Surgical Association, Cincinnati, Ohio, May 13-14, 1943. 

The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of emnies Research and Develop- 
ment and Harvard University. 
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common conditions, where a deficiency may be assumed to exist, the adequate 
and early replacement of the plasma deficiency will restore the organism, 
but not if the shock state has persisted for some time, even in such a relatively 
simple situation as shock following hemorrhage. The popular explanation 
for this failure is that the replaced blood or plasma fails to remain in the 
blood stream, owing to damage to the capillary walls. 

Direct evidence for the existence of capillary damage outside of areas 
of injury is meager and unconvincing. Capillary damage is seen in the 
hemorrhagic intestine, in the petechial hemorrhages in the lung and brain or 
burn shock, and in the adrenal cortex in a variety of conditions culminating 
in shock. These changes are not seen in all types of shock, nor do they 
signify the existence of a generalized increase in capillary permeability. 
Nevertheless, since a large plasma loss may occur through capillaries, which 
seem intact microscopically, and since such a plasma loss, if uniformly 
distributed, may exist without producing overtly wet tissues, it becomes 
necessary to determine the validity of the capillary leakage hypothesis by less 
equivocal technic than have been utilized heretofore. 

This report deals, among other things, with a study of the capillary 
leakage hypothesis in shock by a technic involving the use of radioactively- 
tagged plasma proteins.* We shall present evidence (1) invalidating the 
theory of leakage due to a generalized increase in capillary permeability ; 
and (2) other data which indicate that the peripheral vascular collapse is a 
state of progressively increasing stagnation of the blood in the capillary bed 


leading to deterioration of tissue function. 


. CAPILLARY LEAKAGE IN HEMORRHAGIC, TOURNIQUET AND BURN SHOCK 


Meruop: By tagging the plasma protein molecule with a radioactive ele- 
ment, and introducing such plasma protein into the blood stream, an un- 
mistakable label is provided by which to identify the movement of plasma 
proteins. In order to obtain as physiological a preparation as_ possible, 
radioactive cystine was synthesized from radioactive sulfur (80-day _hali- 


* The capillary leakage hypothesis assumes that plasma (or some of its con- 
stituents) escapes from the general capillary bed at a greater than normal rate and 
that it fails to return to the circulation as fast as it leaves, resulting in a net gain of 
plasma to tissues outside of localized areas of injury. Since the net loss of the non- 
protein fraction of plasma without a simultaneous net loss of some protein from the 
circulation will not produce shock (except in the case of shock from extreme and 
rapid dehydration), a determination of the presence or absence of a net gain of plasma 
protein to the extravascular portion of the tissues outside of areas of injury should 
decide whether or not this hypothesis is tenable. (See further discussion under section 
on Burn Shock). In the subsequent discussion, therefore, while the data obtained refers 
only to protein shifts, we shall not distinguish between plasma protein loss and whole 
plasma loss when referring to the concept of leakage due to a generalized increase in 
capillary permeability. For the purpose at hand, it is not so necessary to demonstrate 
the existence of an increase in capillary permeability as it is to observe the conse- 
quences of such an increase. 
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life) and fed to plasma protein-deficient dogs, which incorporated the cystine 
into their own plasma proteins. Plasma protein removed from these dogs 
was then administered to normal dogs and to dogs shocked by hemorrhage, 
and its rate of escape from the circulation determined. The number of 
experiments possible was limited by the scarcity of radioactive sulfur and 
by the very considerable problem involved in obtaining an adequate amount 
of radiosulf-plasma protein.2;** As a substitute for the latter, radioactive 
bromine (34-hour half-life) or iodine (8-day half-life), coupled directly with 
plasma protein, was utilized. Although radioiodoprotein and radiobromo- 
protein, so prepared, is denatured, the amount of iodine or bromine incor- 
porated into the protein molecule was minimal and provided a tagged sub- 
stance whose disappearance rate from the blood in normal dogs was close 
enough to that of radiosulfprotein to justify its use as a reliable modality 
for the problem at hand.” ® 

In addition to curves of disappearance from the circulation of radioiodo- 
and bromoprotein, the tissue content of radioactive protein was determined 
simultaneously. This is necessary because it is not possible to calculate whole 
plasma loss from blood disappearance curve unless the plasma volume is 
known with certainty. Since all methods of measuring plasma volume, which 
depend on dilution of a dye or tagged substance, measure only circulating 
plasma, reliable calculations of plasma loss are not possible by such technics 
under all circumstances, especially during the shock state. The direct 
determination of the protein which has actually left the circulation, by 
analysis of the tissue content of radioactive protéin, constitutes a method 
independent of plasma volume measurements. This method also provides a 
means of determining whether or not a preferential leakage into certain 
areas occurs. 

The radioactivity due to intravascular radioactive plasma protein was 
subtracted from the total tissue radioactivity in order to calculate the extra- 
vascular plasma protein. The intravascular plasma content of tissues (and 
its radioactivity) was calculated from the red cell content of each tissue, 
as determined by hemoglobin measurements (see below) and _ the esti- 
mated® ** capillary hematocrit. Whenever possible, dogs were exsan- 
guinated at the end of the experiment to reduce the intravascular content of 
blood in the tissues to a minimum. 

In each experiment an unshocked dog served as the control and the dose 
of radioactive protein injected was generally in proportion to body weight. 
The amount of protein injected was never sufficient to alter plasma volume 
significantly. The time from injection to the end of the experiment was 
the same in both control and shocked dogs. The latter received the radio- 
active protein before or after shock was induced. Graded hemorrhage, a 
burn, or a tourniquet* was used to produce shock. Except for five early 
experiments under intravenous sodium barbital, no anesthesia, except 
novocain for local incisions, was used, but morphine was given to all dogs 
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of Fic. 1.—Experiment B—II: The increased slope of both radioactivity curves 

for Dogs Si and Se as compared to that of Dog C, immediately after bleeding, 

is probably due to dilution by mobilized extravascular fluid. Their subsequent 

parallel course indicates that the shocked dogs did not lose radioactive protein 
se trom the plasma at a greater rate than the control dog. There is no difierence 

in the disappearance curves between the dog in deep shock (Se, probably irre- 
it versible) and the dog in less severe shock (Si, probably reversible). (Repro- 
c duced with the permission of the Journal of Clinical Investigation). 
ne at the beginning of each experiment. The burns were produced under 
as ether by immersion in water at 98° C. for varying periods. 
0- No therapy for shock was given, except in the late shock phase of 
a some experiments, when intravenous fluids were injected to see whether an 
ly increase in capillary permeability, which may have developed during this 
ot phase, could be made manifest by flooding the circulation with a sufficiency 
a3 of fluids to allow excessive leakage, if this were possible. 
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Some fourteen experiments were performed, most of which included tissue 
analyses for lost plasma protein. The full account of the technics and cal- 
culations involved in these procedures is published elsewhere.® ° - 


RESULTS 
A. HEMORRHAGIC SHOCK 

The detailed results of seven experiments with radiobromoprotein will 
not be analyzed here since they are available in a recent publication.’ It 
will be sufficient to reproduce our experience in a typical experiment. 

Exper. No. B-11: Three morphinized dogs, C (control), S; (to be bled 
into reversible shock), and S» (to be bled into irreversible shock), were 
given radioactive plasma protein intravenously in protein to their body 
weight. Dogs S; and Sy were then bled into shock. The blood pressure 
was followed and blood samples were taken at varying intervals until Dog 
S» died. At this time Dogs C and S; were exsanguinated and samples of 
different tissues (Table 1) from all three dogs were taken for analysis of 


TABLE I 


RATIO OF TISSUE RADIOACTIVITY OF SHOCKED DOGS TO COTNROL DOG* 


Experiment B—11 


Dog S, Dog S. 
Per Cent Per Cent 


Tissue 


* A ratio of 100 per cent indicates equal radioactivity per gram of tissue in control 
and shocked dogs. Less or more than 100 per cent signifies a lower or higher radio- 


activity per gram of tissue in the shocked dog. 
Ratios varying between 75 and 125 per cent are considered within the limits of 


experimental error in the experiments with radiobromoprotein. See footnote on 
page 244. 


intravascular and extravascular radiobromoprotein content. The disappear- 
ance of radioactive bromoprotein from the blood is charted in Figure 1 in 
terms of (a) radioactivity per cubic centimeter of circulating plasma, and 
(b) total circulating radioactivity in per cent of the original amount injected. 
The latter is calculated as the product of the determined plasma volume and 
the unit radioactivity. The slope of both curves for Dogs S, and So im- 
mediately after bleeding shows an increase as compared to Dog C, probably 
due to dilution by mobilization of extravascular fluid.? But the subsequent 
parallel course of all three curves indicates (1) that the dog in deep shock 
did not lose radioactive protein from the circulating blood plasma at a 
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greater rate than the control dog; and (2) that the dog in deep shock did not 
lose radioactive protein faster than the dog in moderate shock. 

Analysis of the tissues of the three dogs showed further that the extra- 
vascular plasma protein content of all tissues, except kidney and skin of 
thorax, did not differ substantially from one another (Table I). The cal- 
culated protein and plasma loss into kidney and skin of thorax was, 
furthermore, not significant quantitatively. 

With certain minor variations similar results were obtained in most of 
the comparable experiments performed with radiobromoprotein. 

The foregoing experiments provided no evidence of greater leakage of 
protein in irreversible shock than in reversible shock. An increase in capillary 
permeability to protein that may have developed in the former might have 
been elicited if the stagnant or collapsed capillaries had been supplied with a 
sufficient volume of fluid to force fluid transfer. Accordingly, experiments 
were carried out in which a transfusion was given to two shocked dogs 
when one had become irreversible. The following is a representative example: 


Exper. I-7: The two dogs (Nos. 98 and 99) were bled into shock by 
hemorrhage. After seven and one-half hours in shock, when the blood 
pressure was 20 mm. Hg., Dog 98 was given a transfusion of 470 cc. of 
plasma containing radioiodoprotein. At the same time a transfusion of 345 
cc. of plasma containing radioiodoprotein was given to Dog 99, which had 
been in shock for three hours, when the blood pressure was 30 mm. Hg. 
Dog 98 did not recover and when the blood pressure again declined to 25 
mm. Hg. the blood pressure of Dog 99, which was recovering, was 100 
mm. Hg. Both dogs were exsanguinated simultaneously, Dog 98 yielding 
7o cc. and Dog 99 230 cc. of blood. Tissue samples for analysis were taken 
immediately from both, with results shown in Table II, in which the ratio 
of radioactivity content per gram of tissue of Dog 98 to that of Dog 99 is given. 


TaABLe IT 
RATIO OF RADIOACTIVITY (RADIOIODOPROTEIN) OF TISSUES OF DOG IN 
IRREVERSIBLE HEMORRHAGIC SHOCK AS COMPARED TO CONTROL DOG IN 
REVERSIBLE HEMORRHAGIC SHOCK, INCLUDING PLASMA LOSS IN WHOLE 
ORGANS IN SHOCKED (IRREVERSIBLE) AS COMPARED TO CONTROL (REVERS- 
IBLE SHOCK) DOG* 


Experiment I—7 


Ratio Plasma Loss 

Tissue Per Cent Ce. 
Liver...... 13 0 
32 0 
Kidney...... 87 0 
Intestine . 68 0 
Spleen. . 2 1 
Skin... . 41 0 
Heart... 62 0 
Muscle , . 121 9.5 


* Ratios varying between 95 and 105 per cent are considered within the limits of experimental error in the 
experiments with radioiodoprotein. 
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Except for muscle and spleen, all the tissues of Dog 98 contained 
less extravascular plasma than those of Dog 99. There is, accordingly, 
no evidence of greater leakage of plasma in the dog in irreversible hemor- 
rhagic shock as compared to the dog in reversible shock. On the con- 
trary, the former, probably because of a less efficient capillary circulation, 
seems to have displayed a slower than normal rate of escape of iodoprotein 
from the circulation. 

Since the forces operating to produce lethal shock are not necessarily 
the same in all types of shock, it became necessary to obtain data on the 
question of generalized increase in capillary permeability in conditions 
other than hemorrhage. Tourniquet shock and burn shock were = studied 
by the above described technic, using radioiodoplasma protein, which turned 
out to be the most advantageous preparation of the three types of radio- 
active plasma utilized in this study. Tourniquet shock and burn shock 
differ from hemorrhagic shock in that (1) a local loss into areas oi 
injury occurs; and (2) such injured tissues perhaps may liberate a sub- 
stance capable of affecting capillary permeability in general. 


B. TOURNIQUET SHOCK 


A tourniquet was applied at the groin to one or both legs of a dog 
under morphine (3 mg. per Kg.) and left on for some seven hours. Plasma 
volume was then measured and radioiodoprotein was given to this dog 
and to a normal morphinized dog in equivalent amounts. The tourniquet 
was removed and the same measurements as in Experiment I-7 made. 
The detailed data is available elsewhere.* Table IIT lists the tissue analyses 
of four dogs (I-2 A, I-2 B, I-3 and I-4) showing plasma protein loss in 
various tissues including the tourniqueted extremities. While the ratio* 
of the radioactivity content of the shocked dog’s tissues to that of the control 
dog’s tissues indicates loss of protein into some tissues other than the ex- 


* When radioiodoprotein is used, any ratio below 95 or above 105, except in 
muscle, is taken to represent a difference outside of experimental error. This error 
is much smaller than in the case of radiobromoprotein.® The significance of such ratios 
is not evident in the ratio figures themselves since two factors of importance affect the 
calculation. These are the relative weights of the organ and the relative radioactivity 
measurements of such organs per gram. For example, if a ratio of 200, derived from 
a radioactivity of .oo1 div. per sec. on the electroscope in the control and a radioactivity 
of .002 div. per sec. in the shocked dog, applies to a gram of tissue of a given organ 
(A); and the same ratio, derived from a radio-activity of .ooo1 div. per sec. in the 
control and .0002 div. per sec. in the shocked dog, applies to a gram of tissue of another 
organ (B) of the same weight, the difference in radioactivity per gram of tissue will 
be .oo1 for organ A and .ooo! for organ B. The total radioactive protein content of 
organ A will be ten times that of organ B and the quantitative loss involved is 
obviously far less in organ B, even though the ratio is the same for both. The relative 
activities of various tissues in normal dogs are shown in another publication.» The 
quantitative significance of an increased ratio is of little consequence in an orgat 
like the kidney, which is small in weight, and the same is true when a large organ 
has a very low order of radioactivity. 
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tremities, such loss involves only one to three tissues and in no case is the 
total loss outside of the extremities quantitatively significant, from the point 
of view of plasma protein depletion. There is, therefore, no evidence that 
a change in permeability to proteins, outside the area of injury, if it exists, 
is of consequence in the development and progression of shock following the 
removal of a tourniquet. 

The volumes of plasma lost into the tourniqueted extremities is of course 
large. The gain in weight was not determinable in Experiments I-2 A and 
|-2 B, where both legs were injured, but in Experiments I-3 and I-4 the 
weight increase (above the opposite normal leg) was much greater than 
the plasma gain determined bv radioactivity assay of the tissues (Table IV). 
This discrepancy is far in excess of errors in method. The difference, 


therefore, in major part, represents a gain in tissue water drawn from 


outside areas. 

The plasma gain in the leg in three of the four shocked dogs listed in 
Table III is less than the plasma loss found by circulating plasma volume 
determinations (Table IV). It was pointed out elsewhere’ that in deep 
shock plasma volume measurements by the dye technic may overestimate loss 
because the segregation of more plasma into the stagnant peripheral bed as 
shock deepens (a progressive rise in the amount of trapped plasma) will 
increase the extent of incomplete mixing and so give too low a dye dilution 
figure in terms of the total plasma volume. Hence one may expect a dis- 
crepancy between the dye method and the tissue radioactivity method, the 
former showing a falsely higher loss, the more stagnant the peripheral bed 
becomes. But the much greater total fluid loss into the leg, found by actual 
weight change, than is disclosed by the dye method again points to a large 
access of tissue water derived from extravascular sources. 


Cc. BURN SHOCK 


Three experiments were performed in which one or more extremities 
were immersed under ether anesthesia for varying intervals in water at 98° C. 
(Tables III and IV). In Experiments I-5 and I-6 radioiodoprotein was in- 
jected intravenously into a normal dog and into the burned dog before the 
burn was produced. In Experiment I-8 the technic was varied in order to 
see whether the capillaries were more permeable to protein in a severely 
burned than in a mildly burned animal. For this purpose two dogs were 
burned, one for 120 seconds, the other for 20 seconds. Four hours before 
death of the more severely burned dog a plasma infusion containing radio- 
iodoprotein was given simultaneously to both dogs. 

The extravascular radioactive protein content of the tissues in all three 
experiments showed no significant difference in the plasma protein content of 
the unburned tissues of the burned dog in comparison with the same tissues 
in the unburned control dog (Exper. I-5 and I-6) or the less severely burned 
control dog (Exper. I-8). 
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TABLE III 


RATIO OF RADIOACTIVITY (RADIOIODOPROTEIN) OF TISSUES OF DOGS IN TOURNIQUET OR BURN SHOCK AS COM- 
PARED TO CONTROL DOGS, INCLUDING PLASMA LOSS IN WHOLE ORGANS IN SHOCK AS COMPARED TO CONTROL DOGS 


Tourniquet Shock ’ Burn Shock 
Exper. No. I—2A I—2B I—3 ie I—S5 I—6 I—8* 
88 «Ss 82 Ss 83 £8 So 88 82 
0 oT 0 118 2.6 64 0 0 0 53 0 140 15 
0 0 0 230 7.0 120 2.0 0 0 70 0 147 9 
<3 0 0 109 0.7 5 0 130 2.4 47 0 0 0 
33 15 0 96 0 +4 0 155 20 17 0 57 0 
2.0 0 0 132 0.4 155 1.4 140 0 90 0 0 0 
3.6 185 3.5 86 0 66 0 23 0 150 5 114 3 
0 104 0.4 95 0 67 0 100 0 75 0 94 0 
43 138 7.0 104 a3 6357 0 120 7 116 10 
Injured 
extremities. 400 102 0 132 2800 122 950 180 310 190 2200 445t 300 24§ 


* The control dog in this experiment was also burned, one more severely than the other to compare severe 
and mild burn shock states. ; 

+ Where no radioactivity is found in the extravascular tissue of the shocked dog, the ratio becomes zero. 

t If loss of plasma is assumed to have occurred early after the burn, these values would be halved. 

§ Plasma loss into the burned legs was calculated by comparison with values for intact muscle and skin for 
both dogs. Plasma loss in milder burn was 38 cc. Small loss was due to the fact that leakage occurred before 
radioiodoprotein was given (four and one-half hours before the end of the experiment). 


TABLE IV 


SHOCK AND BURN SHOCK AND COMPARISON OF PLASMA LOSS INTO INJURED 
EXTREMITY BY THREE CRITERIA 


PROTOCOL DATA IN TOURNIQUET 


2 $ 3 dla 38, 33. § 
A A BIB A S SS BH Ane 
Mm. Per 
Kg. Hours Hg. Cc. Cent Ce. Gm. Ce. 
I—2A 84 ae 5 5.9 3s 270 8 300 102 Tourniquet on both hind- 
85 6.9 control .. 110 160 legs. 
4 I—2B 86 10.6 0.93 8 4.0 0 o 43 37 -. 132 Tourniquet on both hind- 
5:2 control .. 110 200 legs. 
eS I—3 88 11.8 0.92 10.5 | 10 30 16 257 360 122 
3s 89 14.1 control .. 120 500 0 Se 
© I—4 90 13.4 1.0 7.5 41.5 -30 300 4 220 435 180 After 7 hours the increase 
= 92 a.2 control .. 105 150 0 i in hematocrit was 13% 
(Dog 90). 
I—5 94 8.5 0.98 45 27 0 0 1 45 121 190 Burn of foreleg and hind- 
95 5.0 control .. 110 200 0 oe se leg. B.P. remained at 
80 Mm. Hg. and 
dropped to 30 Mm.Hg. 
after a small dose of 
E nembutal (Dog. 94). 
3 I—6 96 11.6 1.0 90 18.5 0 0 16 230 sis 445 Burn of both hindlegs. 
97 10.6 control a 110 480 2 


I—8 200 11.8 1.0 120 22 30 0 8 785 69 24§ Plasma infusion (325 cc.) 
with radioprotein. 

201 +=10.1 20 21 95 150 11 250 171 38§ Plasma infusion (270 cc.) 
with radioprotein. 


* Formula showing relative proportion of radioiodoprotein dosage to weight of shocked versus control dog, 
when W = wt. of dog, I = volume of radioactive plasma injected, c = control dog and s = shocked dog, 

+ In burn experiments plasma volumes by due method were complicated by marked hemolysis. 

t Data from Table III. 

§ Since tagged infusion was given four and one-half hours before end of experiment, loss during this period 


only was determined. 
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In Experiment I-5 and I-6 there is no correspondence between the 
plasma volume loss into the burned extremity, as estimated from radioactive 
plasma protein content, and the loss as measured by intravenous dye. The 
unavoidable hemolysis of blood in burned dogs affects the reliability of the 
latter method. 

In Experiment I-8 the radioactive protein content was injected too late 
to permit a determination of total protein loss irito the burned area. In 
the severely burned dog the very small increase in weight of the burned 
extremity suggests that peripheral vascular collapse was due to factors other 
than plasma volume deficiency. 

Although the extent of the plasma volume loss into the tissues in the 
foregoing experiments cannot be assessed with complete accuracy, the loss 
outside of areas of injury involves only one or two tissues, which vary from 
one experiment to another, and, in any case, is not quantitatively significant. 

The calculation of plasma volume loss into tissue is based on the assump- 
tion that if such loss occurs outside of areas of local injury, whole plasma 
is lost. If greater capillary permeability to the nonprotein than to the protein 
fraction of the plasma should exist, the disproportion between the loss of the 
protein and the nonprotein fraction of plasma would be reflected in a shift 
of the total protein concentration. Since the latter does not increase in hemor- 
rhagic shock,’® plasma if lost would be in proportion to protein loss in 
hemorrhagic shock, except perhaps when saline infusions are given in the 
late shock phase. The rise in total protein concentration in burn shock and in 
tourniquet shock may be explained as due to a disproportionate loss of the 
nonprotein fraction into or outside the injured area. Such loss, if substantial, 
into tissues outside the injured area would not be likely without a loss of a 
measurable amount of protein. Since no protein is lost (i.e., no loss of 
consequence, except in a sporadic and inconsistent manner involving one 
or two tissues varying from one experiment to another) into areas outside 
the locally traumatized area in either burn shock or tourniquet shock, our 
assumption that no plasma is lost outside of areas of local injury seems 
justified. 

Evidence that plasma does not escape from the general capillary bed 
in untreated shocked dogs appears in plasma volume measurements in 24 
dogs in hemorrhagic shock listed in Table V. These showed an average 
gain of nine per cent above the expected amount, owing to mobilization 
of extravascular fluid during an early phase of shock. In 12 of these experi- 
ments plasma volume was measured again after a subsequent interval of 
shock. In seven of these no therapy was given and the volume was sub- 
stantially unchanged. The remaining five received a saline, plasma or 
blood transfusion in the late shock phase, with an average volume 109 
per cent below what was expected from the volume of the infusion added 
to the previous volume determination. The discrepancy between the expected 
and determined volume might have been due to loss into tissues (particularly 
in the case of saline infusion), but it might also have been due to inadequate 


247 


2 
* 
ee 


FINE, SELIGMAN AND FRANK Annals of Surgery 


August, 


TABLE V* 


PLASMA VOLUME IN HEMORRHAGIC SHOCK 


Plasma Volume in Shock 


—— First Measurement Second Measurement 
drawn to Dura- Gain Dura- Gain 
Exper. Produce tion of Ex- or tion of Ex- or 
No. Shock Shock pected Found Loss’ Shock pected Found _ Loss Remarks 
Per Cent Hours Per Cent Per Cent Per Cent Hours Per Cent Per Cent Per Cent 
1 46 1144 54 76 +22 46 73 69 —4 
2 46 1 54 67 +13 
3 63 1 37 55 +18 
4 60 116 40 60 +20 415 55 57 +2 
5 71 3 29 54 +24 Bleeding continued 
during shock. 
6 35 2 65 46 —19 
7 36 3 64 64 0 
8 45 lg 55 63 +8 3 56 56 0 
9 44 2% 56 72 +16 

10 28 72 66 —6 63 66 +3 

11 45 1 55 65 +10 

12 39 10 61 65 +4 

13 34 6 66 64 —2 

14 61 516 39 a +36 

15 40 2% 60 81 +21 a 61 65 +4 

16 25 14 75 96 +21 3 85 85 0 

17 20 1 80 84 +4 

18 42 3 58 78 +20 44 71 75 +4 

19 58 + 42 51 9 

20 36 2% 64 53 -11 5 85 78 —6 2nd reading 1'4 lirs. 
after blood trans- 
fusion. 

21 42 2% 58 64 +6 7 106 90 —16 2nd reading 3 Irs. 
after blood trans- 
fusion. Recoverel. 

22 15 1 85 70 —15 2 123 98 —25 2nd reading *4 In 
after plasma trans- 
fusion. 

23 42 3 58 58 0 4 97 87 —10 2nd reading '% Ir. 

after plasta trans- 
fusion. 

24 68 2 32 59 +27 2% 119 85 —34 2nd reading '4 Ir. 
after 500 ce. saline 
infusion. 


All dogs died except as noted. 
* Reproduced with the permission of the Jourgal of Clinical Investigation. 


mixing of dye with capillary blood since the validity of the dye method for 
total plasma volume measurement depends on complete mixing of the dye 
with the peripheral blood. If in the late shock phase the peripheral blood 
is not in active circulation, in the same sense as the peripheral waters 
of a swamp, through whose center a brook runs, are not in active circula- 
tion, complete mixing may not occur in the time interval allowed (15-30 
minutes). The results with respect to plasma loss obtained by the dye 
volume method may be said not to disagree with those obtained by the 
radioactive protein technic. 


STAGNATION (OR TRAPPING) OF BLOOD IN THE PERIPHERAL CIRCULATORY BED 

That stagnation can explain the discrepancy between expected and 
observed plasma volumes in the late phase of shock may be inferred from 
a variety of data: (a) The steadily declining venous oxygen concentration ; 
(b) the increasing divergence in plasma py values in favor of a relatively 
greater acidity on the venous side of the circulation; (c) the increasing di- 
vergence in the plasma CO, values due to the lesser fall in CO, concen- 
tration on the venous side of the circulation; (d) the obviously slow or even 
absent flow through much of the peripheral bed in deep shock, as seen by 
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capillary microscopy in the rat’s mesentery’! and dog’s omentum; and (e) 
the reversal of all these changes in the direction of normal during the 
transient recovery phase following a large saline infusion.’ 

In collaboration with Gibson and Evans,‘ who will publish the full data 
elsewhere, we have obtained evidence that the peripheral circulatory bed and 
its contained blood is, so to speak, out of contact with the central circulation, 
and that much of the blood in the latter traverses a shortened circuit. It 
may be sufficient here to refer briefly to the technic utilized and to quote 
a few representative results: 

Morphinized dogs were given an intravenous dose of red cells containing 
radioactive iron (47-day half-life) and the red cell volume was determined 
by the same technic as is used for plasma volume by the dye method. The 
plasma volume was also measured at the same time. Bleeding into shock was 
then performed, and after some hours in shock an additional dose of radioactive 
red cells was given. In a number of experiments the resulting increase in 
radioactivity per cubic centimeter of cells was more than the expected 
amount. The red cell volume calculated on the basis of these data was less 
than the expected volume allowing for the volume of red cells removed by 
bleeding. This is regarded as evidence of stagnation of red cells somewhere 
in the peripheral bed. 

Further evidence of stagnation (or trapping) was obtained as follows: 
Dogs in hemorrhagic shock received a dose of radioactive red cells. Upon 
death of the dog the number of red cells in cubic centimeter per gram of 
tissue was determined by two methods: 


Hb. in 1 gram tissue 
A. arterial hematocrit 
Hb. in 1 ce. arterial blood (just before death) 


Radioactivity (Fe*) per gram of tissue 
B. arterial hematocrit 
Radioactivity (Fe*) 1 cc. arterial blood (just before death) 


Formula A is a method of direct determination of the total number of 
red cells in cubic centimeter per gram of tissue, but formula B is a deter- 
mination of the true number of red cells in cubic centimeter per gram of tissue 
in sufficiently active circulation to have reached the tissue from the time 
of injection until death. The discrepancy between the results of the two 
formulae is a measure of the incompleteness of the mixing and, therefore, of 
the extent of trapping of blood out of active circulation. The average ratio 
of B/A was found to be 1.0 + 0.1 in nine normal morphinized dogs. The 
average ratio in the shocked dogs was 0.7 to 0.8, indicating that some 20 
to 30 per cent of the red cell volume in tissues was trapped in the peripheral 
bed, i.e., by-passed by the active stream. 

Such a degree of trapping could not be demonstrated with equal uni- 
formity for plasma. Possibly this may be due to a partial balancing of 
trapped plasma by mobilized extravascular fluid. It may also be that in 
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shock the mixing of plasma in active circulation with that in the peripheral 
bed is physically easier than is the case for particulate material such as 
red cells. The latter hypothesis is thought not to be true for the normal dog 
according to Hahn, et 

As shock deepens the trapping may be expected to increase. In recent 
experiments the technic adopted for measuring the volume of trapped blood 
was altered in order to avoid errors (see below) inherent in hemoglobin 
measurements for determination of blood content. This was done as follows: 
A dose of radioactive red cells, containing radioactive iron with a five-year 
half-life, was injected during the preshock phase and when the dog was in 
late shock, a dose of radioactive red cells with a 47-day half-life was injected. 
The latter, insofar as it might fail to mix completely, would show a deficiency 
in the previously determined total red cell volume due to trapping. 

Analyses of the tissues for the two types of radioactive iron was then 
made. The number of red cells in cubic centimeter per gram of tissue was 
then calculated on the basis of the content of each type of radioactive iron.* 
The two determinations would be expected to agree if complete mixing 
occurred when both types of radioactive red cells were injected. If stag- 
nation were present when the second dose (47-day half-life radioactive iron) 
was injected, the cubic centimeter of red cells per gram of tissue, calculated 
on the basis of 47-day half-life radioactive iron, would be less in proportion 
to the degree of stagnation. This was found to be the case. 

On an average, the tissue content of 47-day half-life iron was some 
four-fifths of that of five-year half-life iron. Dilution of the second dose 
of radioactive red cells was likewise approximately four-fifths of the expected 
amount. The ratios by both technics indicate that there was stagnation of 
some 20 per cent of the red cell volume of tissues. 

An even more extensive segregation of blood in the peripheral bed was 
observed in Exper. I-8 (Table IV), in which a severe burn was inflicted 
on one hindleg of a dog weighing 11.8 Kg. Twenty-two hours later the dog 
was in deep shock, but the hindleg gained only 69 grams in weight. The 
original plasma volume was about 600 cc. and 325 cc. of plasma had been 
infused. By the dye plasma volume method a subsequent decrease or 
“loss” of 7&5 cc. in plasma volume was measured. This value may be too 
high due to marked hemolysis from the burn. However, since little loss 
occurred into the leg, as indicated by the small weight gain and a rise of 
only eight per cent in hematocrit, the loss indicated by the dye volume 
method was obviously loss out of active circulation, but not loss from the 
capillary bed. 

In burn shock and in other types of trauma plasma is continuously lost 
because of the leakage af the site of injury, but leakage through the general 


* Prof. Robley Evans, and coworkers, of the Massachusetts Institute of Technology 
constructed Geiger counters which are capable of distinguishing between and accurately 
determining the radioactivity of the two types of iron in the same blood or tissue sample. 
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capillary bed does not occur. In hemorrhagic shock an initial loss of plasma 
is produced, but a progressive decline in plasma volume cannot be demon- 
strated because leakage does not occur through any capillary area. The dif- 
ference between the hemodynamic disequilibrium in such states of shock in 
which there is continuing local loss and that of shock due to hemorrhage, in 
which hemorrhage has stopped, is merely a quantitative rather than a quali- 
tative one. Once a sufficient initial decline in plasma volume occurs in any 
type a fatal mechanism is in operation and it is, therefore, not necessary to 
explain death from shock as involving a progressive loss in plasma volume. 

On the other hand, the foregoing data (on stagnation or trapping) demon- 
strates that shock is a state in which a progressive decline in effective circulat- 
ing plasma volume exists. The total plasma volume may be deficient, but 
this is not always so. Thus, if shock is precipitated by an initial critical loss 
of plasma, a deficiency will be present ; if shock is precipitated for some other 
reason, ¢.g., severe infection or toxemia, a deficiency in plasma may not be 
present. Ebert and Stead?‘ could find no deficiency in the plasma volume 
of eight patients in shock as a result of severe coccal infection. It is possible 
that here, as in the case of our hemorrhagic shock experiments (Table V), a 
deficiency might have been observed in a later phase of shock. But again, 
such a deficiency could well be explained as due to incomplete mixing with 
blood which is stagnant in peripheral areas. 

Since shock can exist in the absence of a demonstrable fall in plasma 
volume, or after replacement of a known deficiency, and since the replaced 
plasma does not leave the circulatory bed, the essential defects in irreversible 
shock are (1) inefficient circulatory distribution of the total blood volume; 
and (2) inadequate velocity of flow through capillaries, even when the blood 
volume equals or exceeds that present before shock occurred. 

The vascular tree in shock shows widespread vasoconstriction (though it 
is not maximal). In hemorrhagic, burn or tourniquet shock the small arteries 
and veins of the omentum in the dog or of the web of the foot or the 
mesentery in the rat are narrowed and the capillaries are empty or nearly 
empty of red cells. Chambers, Zweifach and Lowenstein! have observed 
dilatation of arterioles, capillaries and venules in a rapidly fatal type of tourni- 
quet shock, in which the extent of the fluid loss into the tourniqueted extrem- 
ity is limted by a quick collapse resulting possibly from a toxic factor. Ter- 
minal relaxation of the arteries (but not of the veins) in the mesentery of 
the cat in tourniquet shock under barbiturate anesthesia was noted by Page 
and Abell.15 Whether the dilatation observed by Chambers, et al.11 and the 
terminal relaxation observed by Page and Abell occurs in the absence of 
barbiturate remains to be determined. 

These observations, suggesting decreased blood content of the peripheral 
circulatory bed, receive support from direct estimations of the blood content 
of the tissues in shock. These were made by the following method: 

Weighed amounts (two grams) of various tissues of dogs in shock 
were taken immediately after death from shock, or in normal dogs, following 
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exsanguination or intravenous nembutal or potassium cyanide. Blood in 
large vessels or on the surface of tissue samples was gently wiped away 
so that only blood in the smallest vessels was left in the tissue.- Repre- 
sentative pieces of such tissues as lung, liver, bowel, skin and muscle were 
pooled and aliquots taken for analysis. The tissues were finely minced, 
extracted with distilled water at 4° C.* for 24 to 36 hours, and filtered through 
gauze. The hemoglobin in the filtrate was measured after clearing with 
ammonia in a photo-electric colorimeter against standards from arterial 
blood (taken at time of death), using a 620- and 540-filter to correct for 
turbidity. No correction for methemoglobin was made. Although inac- 
curacies in the hemoglobin measurement are unavoidable, the red cell volume 
in cubic centimeter per gram of tissue agreed by this method sufficiently 
in experiments with simultaneous red cell content determinations made by the 
radioiron red cell technic,+ to permit acceptance of our results as a fair 


TABLE VI 


AVERAGE VOLUME RED CELLS (CC.) PER GRAM OF TISSUE OF VARIOUS ORGANS IN NORMAL AND SHOCKED DOGS 
HEMOGLOBIN AND RADIOACTIVE IRON DETERMINATIONS 


Normal Ex- Hemorrhagic Tourniquet Burn Hemorrhagic 

Normal* sanguinated Shock Shockt Shock Normal t Shock? 
Tissue Ce. Ce. Ce. Ce. es Ce. Ce 
.050 O11 054 .037 .043 .021 
0092 0016 017 . 006 005 0033 
. 186 .021 .060 .120 067 
_ .012 0050 -021 .005 0062 .000 
No. of dogs......... 7 7 8 § 4 5 1 


* Killed by intravenous injection of nembutal or cyanide (two dogs). 
+ Some of the dogs received infusions of blood (2), plasma (3), or saline (1), and (3) were exsanguinated. 
~ Determination by radioactive red cell measurement. 


approximation to the facts (Table VI). From the hemoglobin value the 
red cell content per gram of tissue was calculated from formula A given 
above. The liver, lung, kidney and spleen are the only organs containing 
appreciable amounts of red cells per gram. When the number of red cells 
per gram of tissue in dogs in shock is compared to that of the normal dog, 
there is seldom more, and usually less, in the shocked dog (Table VI).4 
In general, it appears that the red cell volume is not greater and is probably 
somewhat less than normal in the peripheral circulatory bed. 

However, direct estimations of the blood content of the tissues in shock 
by hemoglobin measurements do not indicate what fraction of the blood found 
in the vessels of these tissues was in circulation in shock. Such data can be 
obtained by radioactive iron measurements in tissues after injection of red 
cells, tagged with five-year half-life iron before shock and of red cells, 
tagged with 47-day half-life iron during shock as described above. 


* Myoglobin of heart and skeletal muscle was first extracted with saline solution 
following which the residue after centrifugation was extracted with distilled water. 

+ In collaboration with Gibson, Evans, et al.* 

¢ The acutely exsanguinated normal dog shows fewer red cells per gram of tissuc 
than the nonexsanguinated normal dog or the dog shocked by hemorrhage. 
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The capillary bed normally contains some 20 per cent of the total blood 
volume. In shock this percentage is not only not increased, but probably 
is decreased. Data obtained with radioactive red cells indicates that some 20 
per cent of this capillary blood volume is trapped out of the active circula- 


tion. Although this amount of trapped blood is only some four per cent 
of the total blood volume, it is, nevertheless, a serious threat to normal 
tissue function since the capillary bed is the “business end” of the circula- 
tion. It is perhaps of no great consequence whether the blood content. of 
tissues at any moment is the same, somewhat more, or somewhat less than 
normal, The important fact is that this blood, whatever its amount, is not 
moving at a sufficient velocity through a sufficient number of capillaries to 
maintain normal tissue function. 

CoMMENT: The extent of the disturbances in tissue function is indirectly 
indicated by the level of the venous oxygen concentration and the cardiac 
output. In extreme states of shock the venous oxygen levels are below five 
volumes per cent, and the cardiac output may be well below 50 per cent of 
normal. Anuria or oliguria may be due to decreased velocity of flow or to 
kidney cell injury. Long and Engels report in rats an increase in the 
blood amino-acid levels due to failure of deamination by the liver as a result 
of anoxemia of the portal blood vein, the main source of the oxygen supply 
to the liver. Disturbances in enzymatic function are indicated by the increase 
in pyruvic and lactic acid blood levels. Alexander,’ and Lamson" find that 
the thiamin-cocarboxylase mechanism is seriously affected. 

The therapeutic problem in shock which has not yielded to adequate 
plasma volume replacement becomes one of restoring normal velocity of 
flow through the capillary bed. Capillary and venous anoxemia rise toward 
normal when the velocity is accelerated.'* Whether this increase in velocity 
of flow necessarily involves a simultaneous increase in cardiac output requires 
further investigation. Pressor amines do not improve velocity of flow or 
cardiac output in shock.’ Pure oxygen even at three atmospheres does 
not significantly improve the peripheral circulation.'* Other substances which 
may improve the peripheral circulation in shock are being investigated, 


CONCLUSIONS 


1. Plasma proteins tagged with radioactive isotopes (S*°, BrS*, I!) were 
used to study the capillary leakage hypothesis in hemorrhagic, tourniquet 
and burn shock. No evidence of leakage due to a change in the permeability 
of the general capillary bed was found. Tagged plasma proteins escaped 
into areas of injury in considerable amounts, but not into untraumatized areas. 

2. There is no evidence to show that the general capillary bed becomes 
more permeable to plasma proteins or plasma in the late or irreversible phase 
of shock. 

3. Data obtained by the use of radioactively-tagged red cells injected 
intravenously combined with tissue analyses for hemoglobin and tagged red 
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cell content indicate that about one-fifth of the capillary blood becomes 
stagnant or trapped out of active circulation as the shock phase deepens. 

4. The progressive decline in shock is not due to a progressive fall in 
plasma volume but to a progressive fall in the volume of actively circulating 


plasma. 
5. The blood content in cubic centimeters per gram of tissue is not more 
and is generally the same, or less, in shock than it is in normal dogs. 
6. The therapeutic problem in shock after adequate replacement of lost 
blood or plasma has failed is one of restoring volume and velocity flow 
through capillaries before the integrity of vital tissue processes is inevit 


ably lost. 


Acknowledgment is made to Miss Martha Goldberg for technical assistance. 
Radioactive halogens were prepared by the Radiation Laboratories of the Massa- 
chusetts Institute of Technology and Harvard University. 
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ROLE OF THE NERVOUS SYSTEM IN SHOCK* 


Da.uas B. Puemister, M.D. of 
Cuicaco, th 
FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. Ca 

It HAS BEEN GRADUALLY ESTABLISHED in comparatively recent years that of 
the outstanding cause of surgical shock is the local loss of blood and/or mi 
plasma. The accompanying improvements in hemostasis and in the use of tr 
blood and plasma transfusions for the prevention and treatment of shock du 
have resulted in marked improvement in surgical results, and in great exten- at 
sion of the field of operative surgery. Operations of great magnitude are now bu 
being successfully performed that were impossible before and cases of severe are 
injuries and burns are being saved that previously were invariably fatal. we 
These advances warrant further investigation of other causes of shock in the ha 
endeavor to obtain additional improvements in its prevention and treatment. by 

One of the oldest and most widely entertained theories is that shock may sae. 
somehow be brought about by an insult to the nervous system. The influence mn 
of the nervous system on vasomotor tone may be briefly summarized as fol- the 
lows: Control is exercised through the vasomotor center in the medulla. no! 
Efferent impulses pass out from the vasomotor center by way of the spinal bee 
cord and sympathetic nerves to the blood vessels. They are both vasocon- tru 
strictor and vasodilator, but predominantly the former. Afferent impulses to 
come to the vasomotor center over pathways from the somatic and the modu- ing 
lator or depressor nerves supplying the aortic arch and carotid sinuses and fro 
from the cerebral cortex. Both pressor and depressor impulses come from con 
the somatic nerves and were shown, by Ranson and Billingsley,’ to have ben 
separate pathways in the spinal cord. Both vasopressor and vasodepressor pro 
centers have been demonstrated in the cerebral cortex of monkeys and cats by and 
Hoff and Green.? _Impulses coming over the cardio-aortic or aortic depressor afte 
and carotid sinus modulator nerves are entirely vasodepressor. 

The most popular conception of neurogenic shock is that it results from port 
marked and prolonged lowering of blood pressure by afferent vasodepressor dog 
impulses coming to the medulla either from the injured field over somatic fem 
nerves or from the cerebral cortex, where they are set up as in syncope by dere 
adverse special sense or pain sense impulses or purely by mental action. ever 
Lowering of blood pressure is accomplished by inhibition of vasoconstrictor that 
impulses and possibly, to some extent, by acceleration of vasodilator impulses. was 
Cardiac inhibition is also a causative factor in syncope. 

The great objection to this neurogenic theory of shock is the lack of evi- are 
dence based on carefully controlled clinical studies and on concert experi- endi 
mental methods of production in which other factors, as local loss of circu- fall 
lating fluid, and anesthesia are excluded. It is well known, from animal the » 

* Read before The American Surgical Association, May 13-14, 1943, Ciacianat, bloo 
Ohio. The work described in this paper was done under a contract, recommended by meni 
the Committee on Medical Research, between the Office of Scientific Research and effor 
Development and the University of Chicago. sure 
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experimentation,® + ° that simple exposure and stimulation of somatic nerves 
of the limbs, as the sciatic and saphenous, by pinching, crushing, cutting or 
the application of an electric current of different strengths and frequencies, 
cause a variety of minor reactions but most frequently an initial reflex fall 
of blood pressure lasting for one to three minutes, after which the pressure 
may rise above or return to the previous level. The same has been found 
true for man, as in case of repeated crushing and pinching of the sciatic nerve 
during thigh amputation. Following alternating arrest and stimulation with 
a tetanizing current for one or two hours, the pressure may fall to some extent, 
but nothing like a state of shock is produced. The same fibers, large and small, 
are stimulated in the nerve trunks by these experiments as are stimulated in 
wounds of the extremities, and often much more forcefully. Seven rabbits 
have been tested during this study, and it was impossible to produce shock 
by these procedures. Upper abdominal operations® in man occasionally cause 
rapidly developing bradycardia and a fall of blood pressure to 80, 60 or 50 
mm. Hg., but the patient remains in good condition, the pressure rises as 
the intra-abdominal manipulations diminish and the circulation returns to 
normal unless it has become embarrassed by other factors. The reaction has 
been explained by the assumption of vasodepressor fibers in the abdominal 
trunks of the vagi which are stimulated. Further study is indicated in order 
to determine more accurately the method of production. The marked lower- 
ing of blood pressure in fainting® * produced by the action of afferent impulses 
from the brain on heart and vasomotor center is also short-lived as loss of 
consciousness interrupts the adverse psychic impulses and produced recum- 
bency with brain and heart coming to approximately the same level. Im- 
provements of cerebral blood supply and elevation of blood pressure ensue 
and consciousness is regained within a relatively short time without harmful 
after-effects. 

O'Shaughnessy and Slome,$ and Kabat, Lorber and Welte,® have re- 
ported an increased tendency to shock production in case of limb trauma of 
dogs in which the limb was severed from the body except for the nerves..and 
femur, and the circulation maintained either by perfusion with blood ren- 
dered noncoagulable or by crossed-circulation from another animal. How- 
ever, Blalock and Cressman” did not confirm these results except to report 
that spinal anesthesia reduced the tendency to shock when general anesthesia 
was then induced by nembutal in cats and chloralose in dogs. 

The cardio-aortic or aortic depressor nerves and the carotid sinus nerves 
are afferent nerves supplying the walls of blood vessels, stimulation of the 
endings of which by increase of the intravascular pressure causes a reflex 
fall in blood pressure, chiefly by inhibition of vasoconstrictor impulses from 
the vasomotor center in the medulla. In this way they serve to modulate 
blood pressure when it is by any mechanism elevated. Animal experi- 
ments have been carried out in which these nerves were stimulated in an 
effort to determine the effects of a purely neurogenic lowering of blood pres- 
sure except as modified by the anesthesia, blood loss from clot washings and 
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samples for analyses, and by the relatively slight trauma incident to the 
experiments. The results should be an index of vasodepressor action re- 
gardless of the source of the impulses. 

Schachter, and the author,'! have reported the results of siinilletion of the 
carotid sinus nerves. In a minority of the experiments, the blood pressure 
could be maintained in the vicinity of or moderately below 70 mm. Hg. for 
hours, by continuous electrical stimulation using a bipolar cannula electrode 
inserted in the carotid sinus. Initial low shock levels were not obtained. 
Release of the stimulus at any time up to four or five hours was followed 
by a prompt rise of pressure to previous levels, but beyond that time both 
the response to release and the pressure during stimulation usually declined 
gradually, and death occurred in seven and one-half to nine hours with the 
animal in a state of shock. When blood pressure fell on stimulation but was 
maintained above 75 or 80 mm. Hg., there was remarkably little impairment 
of circulation, and the animals lived an average of ten hours longer than 
those with pressures maintained at 70 mm. Hg., or below, and only about 
ten hours less time than the control experiments. 

Cardio-aortic Nerve Stimulation—tThe cardio-aortic or aortic depressor 
nerves supplying the arch of the aorta and first portions of its large branches 
and some fibers to the heart, are more powerful depressor nerves than 
the carotid sinus. nerves and offered a more favorable method of experi- 
mental neurogenic lowering of blood pressure. They are fused with 
the vagi in all animals except rabbits and a certain percentage of cats, for 
which reason rabbits were chosen for the experiments. Urethane 0.5 Gm. 
per Kg. body weight, was given intraperitoneally, which maintained light 
anesthesia. The femoral arteries were cannulated, one for kymographic re- 
cordings of blood pressure, and the other for drawing blood samples and for 
injections. The mandible was tied to the bit of the head piece of a dog- 
board on which the rabbit was fastened, the cardio-aortic nerves were isolated 
alongside the vagi in the neck and a shield electrode attached to a Harvard 
inductorium receiving six volts from a transformer was applied to each 
nerve. Blood pressure ranged from go to 120 with an average of 105 mm. Hg. 
Control animals with only the stimulus deleted lived 14 to 18.5 hours. 

In favorable cases stimulation of both nerves, with the secondary coil at 
nine or ten centimeters from the primary, usually caused a sharp drop in 
blood pressure to a range of 25 to 60 mm. in two or three minutes and slowing 
of the pulse during the same period from an average rate of over 200 to a 
range of 60 to 100 per minute. A somewhat stronger stimulus was required 
to produce a similar effect if one nerve only was stimulated. With continued 
stimulation, the course of the blood pressure varied greatly according to the 
individual experiment. In some cases the pressure remained low for hours 
while in others it rose either rapidly or slowly. In such cases, increase of 
the strength of the stimulus usually caused a further decline. However, when 
a very marked decline was obtained by a weak stimulus, as with the secondary 
coil at nine or ten centimeters, increasing the strength of the stimuli to the 
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Fic. 1.—Death from low pressure after a 5.5-hour period of stimulation. Vasomotor center 
functioned well for four hours, and then gradually failed. Progressive hemodilution and reduction 
of arterial blood oxygen and carbon dioxide. 
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Fic. 2.—Under depressor nerve stimulation, blood pressure averaged 50 mm. Hg. for 
four hours. Vasomotor center never impaired and rapid recovery on stopping stimulus. 
Killed after 11 hours, with pressure at 90 mm. Hg. 
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maximum of the inductoriums failed to kill the animal, and might fail to 
cause further lowering of the pressure. ‘The pulse always increased in rate 
after the initial few minutes, but usually continued somewhat reduced in rate 
as long as the blood pressure remained low from stimulation. Respirations 
were little influenced by the stimulus. Traumatism of the very small nerves 
during preparation, accumulation of blood in the wound and contact with 
tissues causing current leakage and drying of nerves, are variously responsi- 
ble for the fluctuations in response. 

Extensive experiments have been performed in which blood studies have 
been correlated with pressure studies and necropsy findings. They are being 
reported in detail by Laestar, Schafer, Kichelberger, Schachter, and the au- 
thor, and only an abbreviated account is included here. 

When the blood pressure was maintained at low levels by continuous 
cardio-aortic nerve stimulation, death took place in from 2.5 to eight hours 
and, in general, the lower the pressure the shorter the period of survival. 
In the majority of experiments, the pressure ranged between 35 and 55 mm. 
Hg., and the animals usually lived five to eight hours. Temporary release of 
the stimulus at intervals during the early and middle portions of the experiment 
usually resulted in a rapid rise of pressure to the vicinity of the previous 
level indicating a good state of vasomotor tone. But during the terminal 
portion (0.5 to 1.5-hours) of the period of survival, the response on release 
markedly weakened, indicating failure of the vasomotor tone and the blood 
pressure under stimulation usually declined slightly. before death. Blood 
examination showed hemodilution and reduction of arterial blood oxygen and 
carbon dioxide. In some cases there was a tendency toward hemoconcen- 
tration toward the end. Figure 1 shows an experiment in which, for the 
first four hours, the blood pressure remained in the vicinity of 40 mm. Hg. 
during stimulation and rose to near the original level during the three short 
intervals when the stimulus was released. From then on, the pressure de- 
clined slightly during stimulation and the responses during the two releases 
had weakened rapidly before death at 5.5 hours. That is, the vasomotor tone 
was remarkably well preserved for four hours after which it gradually failed. 
Hemodilution progressed gradually throughout the experiment, except at 
times in the terminal stages. 

When the vasomotor tone was well preserved, permanent release of the 
stimulus after such periods of depression lasting sometimes for four to seven 
hours would be followed by rapid restoration of blood pressure to the vicinity 
of the prestimulation level, and the animals lived on, similar to controls. The 
blood, which usually diluted during the period of low blood pressure, would 
show a tendency to concentrate after the pressure was again elevated. These 
findings are illustrated by Figure 2, in which experiment the blood pressure 
was maintained at a fluctuating level, averaging about 50 mm. Hg. for four 
hours, during which time there was marked elevation with each release. 
After dicontinuation of the stimulation, the blood pressure rose to the previ- 
ous level, and seven hours later, when the animal was killed, it still registered 
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go mm. Hg. The blood which had slightly diluted during the stimulation 
showed concentration at 7.5 hours, or 3.5 hours after restoration of the pres- 
sure following removal of the stimulus. This is evidence that the blood pres- 
sure may be maintained at shock levels for long periods by a purely nervous 
reflex vasodepressor mechanism, without serious impairment of either the 
vasomotor center in the medulla or the peripheral circulation and that the 
circulation may rapidly return to normal after stopping the stimulation. It 
is additional support of the finding of Roome, Keith and Phemister that a 
sudden low blood pressure produced without local loss of circulating fluid 
impairs the circulation less and is better tolerated than an equally low blood 
pressure produced by such loss. 

In one animal the blood pressure starting at 106 mm. Hg. ranged between 
55 and 80 mm. Hg. throughout the period of stimulation, and death did not 
occur until r3, hours had elapsed. 

In a small percentage of experiments the blood pressure was reduced to 
levels of 30 to 40 mm. from the beginning, and there was usually a further 
gradual decline of pressure and a more rapid onset of failure of vasomotor 
tone, as indicated by poor recovery of blood pressure during temporary 
release of the stirzulus. Continued stimulation would result in a serious con- 
dition of the animal or in death in less time than in the preceding group. 
Figure 3 shows an experiment in which the blood pressure fluctuated between 
40 and 30 mm. Hg. during the first hour, and between 28 and 24 mm. during 
the following one and one-half hours, when death occurred. Vasomotor 
tone was greatly reduced after the first hour, as shown by brief releases of 
the stimulus then, and at the end of the second hour. There was progressive 
hemodilution, as shown by the reductions in red count, hemoglobin, hematocrit 
and plasma proteins. Arterial blood oxygen was considerably reduced and 
carbon dioxide strikingly so. This was one of the most rapid deaths that was 
produced by very low blood pressure from cardio-aortic depressor nerve 
stimulation, and both the failing vasomotor tone and the progressive hemodilu- 
tion with reduction of blood oxygen and carbon dioxide were responsible 
for it. The cause of death in the animals dying with prolonged lowering of 
blood pressure to shock levels from nerve stimulation may well be designated 
as neurogenic shock. Slight degenerative changes have been found in the 
parenchymatous organs of some of the animals. 

When the blood became considerably diluted and vasomotor tone showed 
signs of failure as a result of a long period of low blood pressure, produced 
by cardio-aortic nerve stimulation, the transfusion of either whole blood or 
plasma brought about a period of definite improvement of circulation. The 
level of blood pressure during stimulation was elevated little, or none, but 
the period of survival was prolonged, the. response on release of the stimulus 
was improved, and the bleeding volume of the animal was approximately as 
great as that of controls. Thus, in one experiment the course was similar to 
that shown in Figure 3, and at the end of three hours the animal was almost 
moribund, with a blood pressure of 24 mm. Hg., which rose to only 38 mm. 
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on release of the stimulus. A blood transfusion of 20 per cent of the cal- 
culated blood volume, and 30-minute rest from stimulation, led to an elevation 
of blood pressure to 70 mm. Hg., and the rabbit then lived for seven hours, 
despite three one-hour periods of stimulation and lowering of blood pressure 
in the meantime. 

Figure 4 records an experiment in which an extremely low blood pressure 
in the vicinity of 30 mm. Hg. was maintained for four hours, with progres- 
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Fic. 3.—Marked and progressive vasodepression and early damage of vasomotor center, 
with death in 2.5 hours. Progressive hemodilution and reduction ‘of blood, oxygen and carbon 
dioxide. 
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Fic. 4.—Marked lowering of blood pressure without exhaustion of vasomotor center, for four hours. 
Plasma transfusions improved circulation. Large terminal bleeding volume. 
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sive hemodilution and blood oxygen and carbon dioxide reduction, but with 
only moderate decline of vasopressor response on release of the stimulus. A 
27-cc. plasma transfusion then raised the pressure only briefly, but release of 
the stimulus at 4.66 hours resulted in an increase in the level of elevation of 
blood pressure. A second 27-cc. transfusion at five hours further improved 
the circulation, and at 5.66 hours the animal was bled 4o per cent of the 
calculated blood volume during stimulation. The pressure was only moder- 
ately reduced by the bleeding and, on release of the stimulus shortly after- 
ward, it rose to 60 mm. Hg., showing that the vasomotor center was still 
quite active. An additional ten per cent bleeding during stimulation was 
required to kill the animal. The plasma transfusions resulted in reductions in 
red counts and hemoglobin and hematocrit readings, but the increase in 
circulating volume and osmotic pressure prolonged life and improved the 
response of pressure on release of the vasodepressor stimulus. 

Bleeding experiments were performed in order to test the effect of 
neurogenic lowering of blood pressure on animals that were already in a 
state of impending or actual shock as a result of hemorrhage. Clinically, 
severe hemorrhage followed by fainting, or by a fall of blood pressure from 
upper abdominal manipulation, might simulate the experiment. From 15 
to 35 per cent of the calculated blood volume was withdrawn intermittently 
ina number of rabbits, reducing the blood pressure to 70 mm. Hg., or below. 
After the lapse of 15 to 40 minutes, the cardio-aortic nerves were stimulated 
and the blood pressure was, thereby, reduced to considerably lower shock 
levels. Usually, this resulted in some shortening of the survival period, as 
compared with controls, but the difference was not very great. Figure 5 is 
the record of an experiment in which, after testing the effects of cardio-aortic 
nerve stimulation, the animal was bled first ten per cent and then seven 
per cent of the calculated blood volume, which resulted in a blood pressure 
maintained at about 60 mm. Hg. 4o minutes later. Under stimulation, it was 
then maintained between 30 and 40 mm. Hg. for almost one hour before 
death occurred, with little pressor response on release of the stimulus shortly 
before. The blood which before showed slight dilution as a result of the 
hemorrhage, was concentrated near the end of the period of further depres- 
sion under stimulation. It appears that the vasodepression from nerve stimu- 
lation shortened the survival time. However, in one case, when the blood 
loss was relatively small (15 per cent), the survival time, under further 
marked reduction of pressure by nerve stimulation, was remarkably long 
(seven hours). 

In seven rabbits the effect on the circulation of lowering of blood pressure 
to levels averaging 40 to 50 mm. Hg. for periods of one to 4.33 hours by 
cardio-aortic nerve stimulation was tested by finding out how well bleeding 
was tolerated at the end of that time. It was found that the bleeding volume, 
which for seven controls averaged 42.5 per cent of the blood volume, esti- 
mated by the Evans blue dye method, varied from a moderate reduction to 
normal, the average being 39 per cent. This showed that although the 
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Fic. 5.—Shock produced by hemorrhage made worse by further lowering of blood pressure by 
aortic depressor nerve stimulation 
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Fic. 6.—Section of spinal cord at C-7, with maintenance of circulation at remarkably low 
level for 26 hours before death 
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pressure was at shock levels, the circulation was, on the whole, remarkably 
well preserved. 

The circulating blood volume during vasodepression was determined by 
Dr. Paul Schafer in five rabbits by the rather inaccurate Evans blue dye 
rapid method, drawing the five blood samples at ten minute intervals. The 
tests were made after two to three hours of stimulation and while the pressure 
was at shock levels. With the exception of the plasma protein in one experi- 
ment, a reduction in total volume, plasma volume and red cell mass was 
always obtained, the average being 17 per cent, 7 per cent and 34 per cent, 
respectively. 

Further evidence that the blood pressure may be reduced to low shock 
levels for prolonged periods of time by a neurogenic mechanism before there 
is failure of the circulation has been obtained by the study of nine dogs 
with section of the lower cervical portion of the spinal cord. Under intra- 
venous evipal anesthesia, 40 mg. per Kg. body weight, the femoral arteries 
were cannulated. One was used for drawing blood samples while the blood 
pressure was recorded continuously from the other. The spinal cord was 
then cut, aseptically, at the level of C-8& interrupting the sympathetic path- 
ways from the vasomotor center in the medulla to the blood vessels and 
heart, and the animal followed until death. The stimulus of cutting the cord 
causes a brief rise in blood pressure and tachycardia which are followed by 
a sustained fall in blood pressure and bradycardia. Under the conditions of 
this experiment, the animals, with one exception, regained consciousness and 
remained in a quiet state of depression until coma supervened. The blood 
pressure varied with the experiment, but ranged between 70 and 20 mm. Hg., 
usually declining slowly until death took place in 25 to 33 hours. During 
the first 15 to 20 hours, the blood underwent dilution, after which it usually 
concentrated. Hemorrhage into the small intestine was usually found at 
autopsy, similar to that observed by Blalock’® in dogs dying of shock pro- 
duced by slow hemorrhage. Figure 6 records the findings in an animal in which 
the blood pressure dropped to the unusually low level of 20 mm. Hg. during 
the second hour, to recover to 50 mm. Hg. by the third hour, and then slowly 
declined to 20 mm. again, with death in 26 hours. The pulse rate varied 
between go and 60 per minute. Despite the low blood pressure, the animal 
remained partly conscious and occasionally moaned for 16 hours. The 
red cell counts showed a hemodilution during the first half of the experi- 
ment followed by hemoconcentration. The discrepancy in hematocrit read- 
ings is unexplained but may have been due to swelling of the red cells. 


SUMMARY AND CONCLUSIONS 


Neurogenic shock was produced by prolonged electrical stimulation of 
the cardio-aortic (aortic depressor) nerves of the rabbit resulting in marked 
and prolonged lowering of blood pressure, hemodilution anoxia and terminal 
exhaustion of the vasomotor center of the medulla. Usually there was a 
lapse of four to seven hours before serious impairment of the vasomotor 
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center and of five to eight hours before death. Removal of the stimulus 
before serious impairment of the center was followed by rapid recovery 
of the circulation. In exceptional experiments, the blood pressure was 
maintained at very low levels and the course was more rapid. The results 
serve as an index of the effect of hyperactivity of afferent vaso depressor 
impulses which would be the same regardless of the pathways over which 
they came to the medulla. The possibility that shock is ever produced 
by accidental injury of the cardio aortic nerves is so small that it scarcely 
merits consideration. Blood and plasma transfusions improved the condition 
of the shocked animals. 

In dogs with section of the seventh cervical segment of the spinal cord, 
a remarkably severe and prolonged lowering of blood pressure resulted before 
there was failure of the circulation and death. These results demonstrate 
the marked capacity of the circulation to remain adequate when the blood 
pressure is lowered, principally by interference with vasoconstrictor nerve 
impulses to the blood vessels with relatively little associated blood loss. 

Nothing remotely approaching this degree and duration of lowered blood 
pressure and failure of the circulation has been produced by direct stimulation 
of the somatic nerves. Consequently, it is highly improbable in accidental 
and operative wounds that shock ever results primarily, or even secondarily, 
from the action of afferent vasodepressor impulses passing over the somatic 
nerves that are injured in the field. 

Vasomotor and cardiac afferent depressor impulses from the brain to 
the medullary center may lower blood pressure and .produce syncopy but 


they act for too short a time to be the sole cause of shock in comparison 
with the long time required for its experimental production from an equally 
marked lowering of pressure by aortic depressor nerve stimulation. The 
same is true of the occasional reflex lowering of pressure in abdominal opera- 
tions. However, when combined with hemorrhage, these may be contributing 
factors in shock production as were vasodepressor impulses from cardio-aortic 
nerve stimulation when preceded by hemorrhage to shock levels in these 


experiments. 
A fuller realization on the part of the surgeon of the relatively small 


importance of hyperactivity of afferent depressor nerve impulses and of the 
relatively great importance of blood and plasma loss and toxicity of anesthetics 
in the causation of surgical shock, will lead to greater attention to the latter 
factors and to further improvement in surgical therapy. The primary cause 
of shock is probably never a purely reflex vasodepressor reaction. 
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Discussion.—Dr. ALFRED BLALocK (Baltimore): These are two excellent papers. 
Dr. Phemister and I, and others, have maintained for a good many years that the 
most important agency in the initiation of traumatic shock is the regional loss of 
fluid from the blood stream. Most of the pathologists and the physiologists have 
maintained that there is a general increase in capillary permeability even in the early 
stages of shock. 

Now Doctor Fine and his group, Gregersen and Root, at Columbia, Gibson and Aub, 
in Boston, Evans, of Richmond and others, have come to the conclusion that there 
is not a general increase in capillary permeability in traumatic shock even in the 
terminal stages. Even though I can find no flaw in their experiments, it is difficult 
for me to accept this whole-heartedly. It would appear that in the terminal stages 
there should be a general increase in capillary permeability, but, as I say, the evidence 
points in the other direction. 

I hope that Doctor Fine, and others, are correct in their findings, because it 
makes for a more hopeful outlook in therapy. Certainly, the inability to establish any 
definite beneficial effect from the use of adrenal cortical extract would indicate 
that they are correct. 

Perhaps several remarks regarding the three prevailing theories on traumatic 
shock would not be out of order; namely, the regional fluid loss, the nervous influences, 
and the toxemia theory. 

First. as regards the regional loss of fluid, I would agree with what Doctor Phe- 
mister said in his introduction. The importance of this in most cases of shock has 
been established and the beneficial effects of the use of blood and blood substitutes 
have been shown. It would appear that further study along this line should be in 
connection with the finding of other blood substitutes, such as perhaps Doctor Lockwood 
will talk about this morning. 

Secondly. as regards the role of the nervous system in shock, this has been covered 
by Doctor Phemister. It would appear that studies along this line would not be 
extremely hopeful as making for better therany. At least it seems that attempts to 
hlock nerves have not resulted in much benefit in the treatment of traumatic shock. 
Certainly, the use of spinal anesthesia is not advised in the treatment of traumatic 
shock due to injuries to the lower extremities so it would appear that further researches 
along this line would not be narticularly hopeful. This is not saying that the nervous 
system has nothing to do with the genesis of traumatic shock. 

Thirdly, as regards the so-called toxemia theory, or what perhaps today had 


267 


=) 
Se, 


DALLAS B. PHEMISTER 
better be spoken of in terms of metabolic disturbance, perhaps the future outlook 
is somewhat better, for it does appear very likely that there are chemical hormonal 
disturbances that might be treated successfully. 

The results of Doctor Fine in this connection are exceedingly interesting, as 
are those of C. N. H. Long, of Prinzmetal, and of many other investigators. 

In other words, as Doctor Phemister has said, it appears that the regional fluid 
loss factor is now fairly generally appreciated, and one can use blood and blood sub- 
stitutes and other agencies, such as Doctor Elman spoke of yesterday, to correct this 
condition. At least trom the experimental viewpoint it would appear to me that our 
energies should now be directed toward this third point, whether it be a toxemia 
or whether it be the chemical disturbances, and try to find an accessory means of 
improving our present knowledge on the treatment of this condition. 

Again I want to say how much I enjoyed these two excellent papers, and they 
represent the work of two groups out of approximately forty-five different groups in 
this country who are studying shock. 


Dr. Jacos Fine (closing): It is difficult to find one’s way in the literature on 
shock because of contradictory evidence from equally competent investigators. These 
contradictions aré frequently due to differences in the experimental conditions, the 
significance of which often are not sufficiently evaluated. The literature on tourniquet 
shock, in particular, is a good example. Nearly all the recent studies on this type of 
shock indicate that recovery is seldom achieved even with large transfusions of plasma 
or other blood substitutes. Our own experience, however, is that recovery from tourniquet 
shock is the usual result from the transfusion of plasma or other blood substitutes. 
The reason for this difference in the result is that in our dogs no anesthesia, except 
morphine, was used, while barbiturate anesthesia, which is known to be capable of 
aggravating the state of shock, has been uniformly used by other investigators. 
Thus, Mylon and Winternitz (Am. Jour. Phys., June, 1943), using nembutalized dogs, 
found that tourniquet shock (tourniquets to both hind limbs for five hours) if un- 
treated, is uniformly fatal. When we produced this type of tourniquet shock (i.c., 
tourniquets for five hours to both hind limbs) using morphine alone, the dogs com- 
monly failed to go into shock. When they treated such dogs with plasma albumin 
no beneficial effect was obtained, but cure was achieved with sodium succinate and 
saline solution. The cure achieved by sodium succinate and saline solution may well 
have been due to the neutralizing by succinate of the effect of nembutal on tissue 
respiration, thus permitting spontaneous recovery, as in our own unanesthetized dogs. 
The fact that their dogs, if untreated, uniformly died does not mean that tourniquet 
shock (for five hours to both hind limbs) is uniformly fatal. It does mean that this 
type of tourniquet shock p/us nembutal anesthesia is uniformly fatal. 


Dr. Darras B. Puemister (closing): I only want to say that one of the ideas 
that should be gotten out of the head of the average member of the medical profes- 
sion is the traditional fixed one that shock may be produced by afferent vaso- 
depressor nerve influences. I am not discussing other neurogenic theories. 


SURGICAL GUT (CATGUT) TUBING FLUID 
AS A TISSUE IRRITANT* 
Lirrte Dunuam, M.D., anp Hitcer Perry Jenkins, M.D. 
Cuicaco, Itt. 
FROM THE UNIVERSITY OF CHICAGO, SCHOOL OF MEDICINE, CHICAGO, ILL. 

IN AN extensive study of the absorption of surgical gut (catgut), recently 
published by Jenkins, and coworkers,' a point of considerable interest was the 
noticeable variation in the magnitude of the tissue reaction which was observed 
in tissue implantation tests of surgical gut products from different commercial 
sources. Those products which had a tendency to produce the more conspicu- 
ous tissue reactions were usually observed to undergo a more rapid loss of 
tensile strength and frequently a more rapid rate of complete absorption than 
products which produced a less conspicuous tissue reaction. Relatively rapid 
absorption was generally found to be associated with a predominantly 
leukocytic reaction, to which the gut appeared to be especially vulnerable. 
Relatively slow absorption was associated with a predominantly macrophage 
response which appeared after an initial leukocytic invasion of varying magni- 
tude which in some instances was relatively negligible. Although it was 
generally found that the surgical gut from certain sources tended to produce 
conspicuous reactions while minimal reactions were observed with products 
from other sources, there were many exceptions encountered. 

On the basis of the observations made, there appeared to be some unex- 
plained factor which contributed to the magnitude of the tissue reactions 
observed. This factor was not apparently an inherent property of the gut 
per se because it was not constant in all products. This prompted us to ex- 
plore the possibilities of the presence of a tissue irritant in the tubing fluids 
commonly used for surgical gut, which, if carried into the tissues along with 
the gut, could explain many of the reactions observed. This study concerns 
itself with the two general classes of tubing fluids, namely, the anhydrous 
liquids used for boilable gut, and the alcoholic solutions used for the non- 
hoilable surgical gut. 


BOILABLE PRODUCTS 


Many manufacturers have used xylene (xylol) as a tubing fluid for their 
hoilable products because this is a completely anhydrous liquid and does not 
cause any damage to the gut when the tubes are subjected to boiling or auto- 
claving for surface sterilization of the glass before use in the operating room. 
Furthermore, the manufacturers can heat-sterilize the surgical gut after sealing 


*Read by title before the American Surgical Association, May 13-14, 1943, Cin- 
cinnati, Ohio. 
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the tubes if they use an anhydrous liquid such as xylene. Some manufacturers 
have, at one time or another, used toluene (toluol) instead of xylene. 


EXPERIMENTS 

An intradermal injection of 0.025 cc. of xylene tubing fluid, obtained 
from a commonly used boilable product, was made in the skin of the forearm 
of one of us. Within six hours there was a red, tender welt, 0.5 cm. high and 
4.0 cm. in diameter, at the site of the injection. The reaction was extremely 
painful and subsided over a period of one week. There was no superficial 
necrosis. The lesion resembled an acute cellulitis such as one sees produced 
by streptococcus infections. 

2. Intradermal tests were carried out 
on a series of animals using 0.05 cc. of 
xylene (A.C.S.), toluene (A.C.S.), and 
xylene which had been used as a tubing 
fluid for surgical gut. In a few experi- 
ments white rats and rabbits were used, 
but it was found that the skin of the back 
of dogs, being less delicate, was more sat- 
isfactory for this work. The immediate 
reactions to the injections were relatively 
slight. By the end of an hour one could 
see only a pale, slightly elevated wheal 
1 to 2 cm. in diameter, but by the end of 
18 hours permanent tissue damage had 
occurred, The xylene (A.C.S.) regularly 
produced necrotic lesions I to 2 cm, in 
diameter surrounded by an edematous 
and reddened inflammatory margin sev- 
eral millimeters wide. Xylene tubing 
fluid appeared to produce somewhat more 
conspicuous lesions than standard labora- 

tory xylene (A.C.S.). Sloughing of the 
Fic. 1.—Showing tissue necrosis 48 necrotic areas followed in a few days. 
hours after intradermal injection of 0.05 Toluene (A.C.S.) produced less severe 


<c. amounts of (4) xylene (A.C.S.), (B) 


reactions ‘and in most instances thes 
occurred in all except the toluene injection. were ultimately not much greater in mag 

nitude than those described below as 
characteristic of 95% ethyl alcohol (Fig. 1). 

3. Intradermal tests were carried out in dogs using 0.05 ce. of varying 
concentrations of xylene and toluene (1, 5, 10, 15 and 50 per cent by volume) 
in 95% ethyl alcohol. Control injections using 95% ethyl alcohol produced 
an immediate coagulation of the tissues, surrounded by erythema. The lesions 
did not progress and the erythema tended to subside rapialy. These lesions 
rarely exceeded 1 cm. in diameter, and were usually 0.5 cm. or less, their size 
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being determined largely by variations in the technic of injection, especially 
the depth of penetration of the needle. The more superficial the injection 
the greater the tendency to spreading, with the result that the lesion produced 
would have a greater diameter. It should be mentioned here that the same 
amount of alcohol (0.05 cc.) injected into the human skin usually produced 
only relatively transient lesions which were negligible after a day or two. The 
mixtures of xylene and toluene in alcohol characteristically produced an imme- 
diate coagulation of the tissues at the site of injection, with the development 
progressively of erythema and appreciable necrosis for the higher concentra- 
tions of the solvents in alcohol. Injections of 50% xylene and 50% toluene 
in alcohol produced lesions which were of a greater magnitude than were 
observed with undiluted xylene or toluene, respectively. The mixtures with 
lower concentrations of xylene or toluene in alcohol produced lesions some- 
what more striking than the alcohol controls, the magnitude varying in 
proportion to the concentration of xylene or toluene. 


NONBOILABLE PRODUCTS 


The tubing fluids used for nonboilable surgical gut have been alcoholic 
solutions, usually 95% or g6% ethyl alcohol plus a small amount of some 
germicidal agent. The compositions of the tubing fluids of the various manu- 
facturers may vary to some extent from time to time. In recent years the 
following formulae have been used : 


Ethyl alcohol 95%, with phenyl mercuric benzoate 0.02% or potassium 
mercuric iodide 0.3% or 0.1%. 

Ethyl alcohol 96%, with phenyl mercuric benzoate 0.1% or potassium 
mercuric iodide 0.2%. 

Ethyl alcohol 76% and isopropyl alcohol 20%, with potassium mercuric 
iodide 0.06%. 

Alcohol, anhydrous and methanol 3% to 14% and in certain products 


0.8% to 2.5% iodide. 


The alcoholic solution which contains 4 to 5% of water renders the 
surgical gut pliable, so that it can be used for suturing as soon as the tube 
is opened without having to resort to the wetting procedures required for 
rendering boilable products pliable. In one product anhydrous alcohol was 
used with varying amounts of methanol. The presence of the latter appar- 
ently induces pliability in the absence of water. These alcoholic solutions 
seriously damage the gut if the tubes are heated and, therefore, it is necessary 
to surface sterilize the glass by chemical agents instead of by boiling or auto- 
claving. The sterility standard of the gut within the tubes is fundamentally 
the same for nonboilable products as for the boilable, because extensive heat 
sterilization has been carried out in an anhydrous liquid just as is done for 
boilable gut. The liquid used for heat sterilizing is then removed to a greater 


or less extent from the tubes, the alcoholic solution is added and the tubes 
sealed. 
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Fic. 2.—Showing the “emulsion test’’ on nonboilable surgical gut tubing 
fluid of ten different companies. To 0.5 cc. of alcoholic tubing fluid 5 cc. 
of water were added. Definite evidence of emulsion is shown for Com- 
panies II., IV., V., VI., and IX. A very slight clouding suggestive of a 
trace of water-insoluble component is shown for Companies I., VII., VIII.., 
and X. The tube for Company III. is practically as clear as the alcohol- 
water controls at each end of the rack (tubes without number) 


‘ 


Fic. 3.—Showing supernatant water-insoluble liquid obtained from the 
alcoholic tubing fluid of the nonboilable surgical gut of six different com- 
panies. To 10 cc. of tubing fluid in 100 cc. cassia flasks (lower bulbous 
portion of flask not shown) water was added to produce emulsion and this 
was acidified with concentrated H2SO« to expedite separation of water-insol- 
uble component, the amount of which could then be read off as tenths of a 
cubic centimeter in the graduated neck of the flask, each tenth of a cubic 
centimeter representing 1%. In this test there was 4 to 15% of water- 
insoluble liquid recovered from four of the products, while in two products 
none was obtained 
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EXPERIMENTS 
4. During the course of the previously mentioned study of the absorption 


of surgical gut! it was noticed that certain of the alcoholic tubing fluids became 
white upon the addition of water. The full significance of this observation 
was not appreciated at the time. Subsequent examination under the micro- 
scope of the white fluid produced by the addition of water to the alcoholic 
tubing fluid revealed minute globules of varying size which exhibited char- 
acteristic brownian movement. It was obvious, therefore, that we were deal- 
ing with an emulsion produced when the alcoholic solution was diluted with 
water, thus revealing the presence in the alcoholic solution of a water-insoluble 
liquid component. The presence of such a component has not been men- 
tioned by the manufacturers on the package labels. 

A simple test was devised for determining whether appreciable quantities 
of this water-insoluble component were present in the alcoholic tubing fluid. 
The addition of 5 cc. of distilled water to 0.5 cc. of tubing fluid produced 
a creamy emulsion when there was much of this material present. This was 
considered a positive test. If the solution remained clear it was considered 
negative. Ifa slight turbidity appeared it was considered as indicating a trace 
of water-insoluble liquid. A number of tests were run on samples of tubing 
fluids from the products of ten different manufacturers. The tubing fluids 
of five of these companies gave strongly positive reactions to this test (Fig. 2). 

5. We next attempted to separate the water-insoluble component from the 
rest of the tubing fluid in order to get a rough idea of how much of it was 
present. We were able to do this by acidification. Ten cubic centimeters of 
tubing fluid from each of six different companies was placed in separate 
cassia flasks and diluted with 85 cc. of distilled water. Five cubic centimeters 
of concentrated sulphuric acid was then added, and the flasks securely stop- 
pered and shaken. A conspicuous emulsion appeared in four of the six flasks, 
while the fluid in the other two remained only slightly turbid. At the end of a 
few days the water-insoluble material had collected as a supernatant layer in 
the graduated necks of the four flasks which had contained the heavy emulsion. 
The amount of supernatant liquid varied from 0.4 cc. to 1.5 cc. This would 
indicate concentrations of water-insoluble material in the alcoholic tubing fluids 
of from 4.0 to 15.0 per cent in these four products (Fig. 3). 

6. The cooperation of an independent chemical laboratory was obtained 
in an endeavor to get more exact information about the nature and amount 
of this water-insoluble component which we had found in certain of the 
alcoholic tubing fluids. The report of this phase of the work will be made 
independently by Albert E. Sidwell, Jr. (ANNALS oF SuRGERY, 118, 285, 
August, 1943). 

We obtained from this source specimens of the water-insoluble components 
which had been recovered by fractional distillation. The relatively high boil- 
ing range of these materials (140° to 190° C.) was of particular interest. 
This material was used by us in subsequent experiments for titration and 


intradermal tests. 
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7. The “emulsion titration test” was devised to obtain some quantitative 
data on the water-insoluble component in the alcoholic tubing fluid of indi- 
vidual tubes of nonboilable surgical gut. This is based upon the saturation 
point of water-alcohol mixtures for water-insoluble liquids which are soluble 
in alcohol. This consists of titrating two cubic centimeters of alcoholic tubing 
fluid with distilled water. The end-point is considered to have been reached 
when a persistent cloudiness from the emulsion occurs. The amount of 


Cu. Cm. 


1% 5% 10% 15% 
Percentage of Water-insoluble Component in Alcoholic Solution 


Fic. 4.—Showing solubility of xylene, hi-flash solvent, and a petroleum derivative 
in varying water—alcohol mixtures The curves were derived from saturation points 
of different concentrations of these solvents in various water—alcohol mixtures expressed 
in terms of the number of cubic centimeters of distilled water which must be added to 
the various concentrations of these solvents in 95% alcohol to produce emulsion. The 
curve for hi-flash solvent is practically superimposable on that for the high boiling point 
distillate recovered from alcoholic tubing fluid (Table I). 


water required to produce the emulsion must then be interpreted from a graph 
prepared by titrating known concentrations of the water insoluble liquid in 
alcohol such as is demonstrated in Figure 4. The interpretation of the 
amount of water-insoluble component present depends, therefore, on the 
nature of the water-insoluble liquid (Table I). The curve for hi-flash 
solvent* obtained by titrating known amounts in alcohol was found to be 
practically superimposable on that for the high boiling range fraction which 
was isolated by Sidwell from pooled alcoholic tubing fluid of recent manu- 
facture. Therefore, the results of the titrations in terms of distilled water 
may then be interpolated into per cent of hi-flash solvent in the fluid. 
(Table II). These results cannot be construed as representing quantitative 
analyses, but rather an approximation of the water-insoluble component be- 


* Hi-flash solvent, boiling range 163° C. to 180° C., an anhydrous hydrocarbon coal 
tar derivative supplied to manufacturers for the purpose of heat sterilization of catgut. 
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lieved to be present. These results, however, have been comparable to the 
emulsion separation tests as well as to the results described by Sidwell. Over 
175 tubes of nonboilable catgut were subjected to this “emulsion titration 
test.” 


TABLE 


Ce. H,O Required for Titration to Produce Emuision 
% Solvent in 


Toluene Xylene T. F. Dist. Hi-flash Pet. Der. 
Alcohol 
1 * 2.35 1.92 1.66 0.93 
2.5 2.4 1.42 1.13 0.51 
5 1.6 1.05 0.68 0.76 0.30 
10 1.0 0.65 0.45 0.42 0.15 
15 0.65 0.45 0.35 0.31 


Emulsion Titration Test: Titrations with distilled water of 2 cc. aliquots of various concentrations in 95% 
ethyl alcohol C.P. of toluene, xylene, pooled tubing fluid distillate, hi-flash solvent and the petroleum derivative. 
TABLE II 


AMOUNT OF WATER REQUIRED TO PRODUCE EMULSION IN 2 CC. OF ALCOHOLIC TUBING FLUID, AND THE INTER- 
PRETATION OF THESE RESULTS IN TERMS OF PERCENTAGE OF WATER-INSOLUBLE COMPONENT (W.1I.C.) 


(Maximum-Minimum Range) 


Series 1941-42 


Series 1939-40 


Series 1938 

Company H,0 W.L.C. H,0 W.IL.C. H,0 W.L.C. 
Trace 
Trace 
Trace 
6.5% 
1.2% 
Trace 
? 


*2 means 2 cc. or more of water. 

The W.I.C. was interpreted from the graph in Fig. 4 using the curve which was characteristic of hi-flash 
solvent because the solubility curve of the water insoluble component recovered from most products closely 
resembled that of hi-flash solvent. 

In one product the results of the titration test were interpreted in terms of petroleum derivative, which was 
believed to be the water-insoluble liquid during certain years. 

In another product the titration tests were not evaluated for past years because data on the nature of the 
water-insoluble component was not available. 

The “Emulsion Titration Tests” showed that over a considerable period of 
time there has been an appreciable amount of water-insoluble liquid present 
in alcoholic tubing fluid of most nonboilable surgical gut products. This has 
ranged from a trace to up as high as 10% in some products, while in one 
product it ranged from 6 to 14%. In some instances it ranged from a trace to 
6%, or a trace up to 2%. There was considerable variation in tests made on 
the same product, as well as on different tubes in the same package lot. It 
was of interest to find that in one series of tests on one product, all tests 
showed not more than a trace, while in a subsequent series on this product, 
12 out of 15 tests showed only a trace. 

8. Injection experiments were devised to ascertain whether the water- 
insoluble liquid found in the alcoholic tubing fluids of nonboilable products 


275 


4 
| 
a 
Et 
on 
face 
| 
hh 
n 
1e 
sh 
re 
h 
er 
d. 
ve 
ic 
yal 
a 
‘ 


DUNHAM AND JENKINS Annals of Surgery 


was irritating to the tissues. Intradermal injections of 0.05 cc. of the alcoholic 
tubing fluids of six different manufacturers were made in the backs of three 
human subjects. Control injections were made with 95% ethyl aleohol. The 
alcohol injections produced an immediate whitening of the tissues at the site of 
injection. This was from 3 to 5 mm. in diameter. About it there developed, 
in a matter of minutes, a wheal 1.0 to 1.5 cm. in diameter surrounded, in turn, 
by an erythematous flare eunaaibiiaiie: 2 cm. across. This reaction reached 


Fic. 5.—Showing irritant, action of alcoholic tubing fluids of six different nonboilable 
products as compared with 95% ethyl alcohol, by intradermal tests (0.05 cc.) in Subject J. 
after 24 hours. Maximum reaction was observed for Companies II, V, and VI. Moderate 
reaction was seen for Compariy IV, and slight reactions for Companies I and III. The 
least reactions were obtained with 95% ethyl alcohol controls. Compare the magnitude of 
the tissue reaction here with the amount of water-insoluble component demonstrated in 
Figures 2 and 3, for the several products tested. 


its maximum in one-half hour and then gradually subsided over a period of 
several hours. In many of the tests there was only slight evidence of reaction 
after 24 hours, although in one test there was produced a small area of 
necrosis, 2-3 mm. across, which subsequently ulcerated. In contrast to the 
action of pure alcohol, the alcoholic tubing fluids produced immediate reactions 
similar in character to the above but of a greater magnitude, and at the end 
of 24 hours they had all produced lesions in which the central white area per- 
sisted and, regularly, lead to actual necrosis and subsequent ulceration. 
Furthermore, the surrounding tissues for a matter of several millimeters to 
more than a centimeter were red and inflamed (Figs. 5 and 6). A comparison 
of Figure 6 with Figure 2 and Table II brings out rather strikingly the 
tendency for those tubing fluids which contained an abundance of water- 
insoluble component to produce the largest skin reactions. In some instances 
the lesions after undergoing ulceration required more than a month to 
heal over. 
276 
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9. The pooled high boiling point distillate referred to above (Exper. 7) 
was also used for intradermal injections. Five-hundredths of one cubic 
centimeter of this material in concentrations of 1, 5, Io and 15 per cent 
in 95% ethyl alcohol was injected into the skin of the back of a human subject. 


DAYS 
J © 
6 ee © OK 


1 cM 


SCALE 


Fic. 6.—Scale drawing showing the variation in the tissue reaction obtained by intra- 
dermal injection (0.05 cc.) of various alcoholic tubing fluids and pure 95% alcohol from 
one to ten days after injection. The skin of the back of three human subjects was used. 
The alcoholic tubing fluids were obtained from the nonboilable surgical gut of six different 
manufacturers, indicated as Companies I, II, etc. The area within the circle represents 
erythema, the solid black center represents necrosis. The alcoholic tubing fluids of Com- 
panies II, V, and VI, appeared to be the most irritating while those of Companies IV, 
III, and I, were less irritating. All of these alcoholic tubing fluids were more irritating 
than pure 95% alcohol. The magnitude of the tissue reaction appears to correlate with 
the amount of water-insoluble component present in these products as demonstrated in 
Figures 2 and 3. 


The magnitude of central necrosis and peripheral inflammatory reaction varied 
in proportion to the amount of distillate present. The alcohol produced a 
minimal lesion which had almost subsided on the day after injection. The 
higher concentrations produced lesions which required several weeks to heal. 
Concentrations as low as one per cent of this high boiling range fraction of 
alcoholic tubing fluids are definitely necrosing in alcoholic solution. The 
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lesions produced were similar in all respects to those produced by the alcoholic 
tubing fluids themselves (Fig. 7). 

10. Similar intradermal tests were performed upon dogs, using small 
amounts (0.025 to 0.05 cc.) of undiluted high boiling range distillates recov- 


ILL 
TUBING 
FLUID 
me HIGH BP 
FRACTION 


ALCOHOL 


Fic. 7.—Showing intradermal tests (0.05 cc.) on Subject J, at 24 hours, using known 
concentrations in 95 per cent ethyl alcohol of a mixture of high boiling range (140°-1¢0°C.) 
water-insoluble material obtained by distillation of nonboilable alcoholic tubing fluids. In 
concentrations as low as one per cent, this water-insoluble liquid produces irritation of a 
greater magnitude (erythema and necrosis) than the 95 per cent ethyl alcohol control 
(erythema which has almost subsided). The lesions produced by the 5, 10, and 15 per cent 
concentrations compare with those in Figure 5. 


ered separately from five products. All five distillates produced necrotic 
lesions, approximately 2 cm. in diameter, which subsequently sloughed and 
ulcerated. The immediate reactions resembled those characteristic of xylene, 
and it was not until the following day that the potent necrosing action of the 
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materials was apparent. There was no appreciable difference in the magmtude 
of the reaction produced by the distillates from the five different products. 
They all appeared to be somewhat more potent irritants and necrosing agents 
than xylene. 

11. Intradermal tests were performed upon dogs with undiluted hi-flash 
solvent and with the material referred to in Experiment 7 as petroleum deriv- 
ative, and which was believed to represent the water-insoluble component 
present in the tubing fluid during certain years of at least one brand of non- 
boilable gut. Hi-flash solvent behaved exactly like the undiluted distillates 
used in Experiment 10, producing on the second day large necrotic lesions 
which subsequently sloughed and ulcerated. The petroleum derivative pro- 
duced the same end-result, the only difference noted being a hemorrhagic 
appearance of the necrotic area prior to its breakdown. Both of these solvents 
appeared to be more damaging to tissues than xylene tubing fluid. 

Tests with various concentrations of these materials in 95% alcohol were 
also made on dogs. Hi-flash solvent was used in concentrations of I, 5, 10, 
15 and 50 per cent, while the petroleum derivative, which is not freely soluble 
up to 50 per cent in alcohol, was used in concentrations of 1, 5, 10, 15 and 25 
per cent. Hi-flash solvent, 50% in alcohol, and petroleum derivative, 25% 
in alcohol, produced lesions of a definitely greater magnitude than when 
undiluted. In these experiments upon dogs’ skin, which is much more suscep- 
tible to the action of 95% alcohol than is human skin (Exper. 3), it was 
sometimes difficult to distinguish the lesions produced by the 1 and 5% con- 
centrations from those produced by the alcohol controls. The 10 and 15% 
concentrations, however, produced lesions obviously greater than those pro- 
duced by 95% alcohol. 

12. Intradermal injections were made in dogs using varying concentrations 
of the germicidal agents used by manufacturers for their alcoholic tubing 
fluids. The lesions produced were difficult to distinguish from pure 95% 
alcohol controls. Phenyl mercuric benzoate is quite insoluble in water and 
therefore, could not be tested in aqueous solution. Tests using potassium 
mercuric iodide, 0.3% in saline, produced a relatively small area of edema 
in the skin of rabbits but no evidence of necrosis was obtained. These tests 
do not exclude the germicidal agents as a source of some irritant action in 
the tissues. Such action, if any, however, is negligible in comparison with 
that of the potent tissue irritants, hi-flash solvent, or xytene. 


COMMENT 


TustnGc Fium.—tThe data from Exper. 1 and 2 shows that 
xylene is a potent tissue irritant and in some tissues a necrosing agent. 
Furthermore, xylene from the tubing fluid of boilable gut appeared to be more 
of an irritant to tissues than xylene (A.C.S.). This latter point raises 
the question as to whether the xylene used for the tubing fluid may not 
have been a commercial grade which contained additional irritants not present 
in the A.C.S. grade. Another possibility is that some irritant material from 
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the gut may have been extracted by the xylene which enhanced its irritant 
property. 

It is surprising that no one has questioned the practice of using a liquid 
with known irritant properties as tubing fluid for surgical gut. In the experi- 
mental laboratory one of the commonest uses of xylene as an irritant is to 
produce vasodilation of the marginal ear vein of the rabbit in order to 
facilitate venepuncture. Xylene has been used to produce sterile inflammation 
by such students of tissue reactions as Rigdon,” and Hudack and McMaster.* 
Steiner* has used xylene in the tissues of experimental animals and found 
extensive tissue reactions as well as necrosis. 

After a tube of boilable gut is opened it is necessary to render the gut 
sufficiently pliable for surgical use, because in a completely anhydrous state 
it is brittle and stiff. The procedure commonly recommended for accomplish- 
ing this is immersion for a few minutes in warm water or saline or wrapping 
it in a moist towel. Xylene is insoluble in water and the procedure designed 
primarily for softening the gut could not be expected to remove all the 
xylene. This can easily be demonstrated by the obvious smell of xylene 
remaining after a piece of gut has been softened in water. Manufacturers 
have not pointed out the desirability of eliminating the liquid which was 
used as a tubing fluid nor have they called attention to its irritant properties. 
Certainly if the xylene tubing fluid is not eliminated from boilable surgical gut 
before it is introduced into the tissue one should not be surprised to find in 
the wound a tissue reaction due in large part to the xylene left in and on the 
gut rather than to any inherent properties of the suture material itself. 

It is customary in some operating rooms to render boilable gut pliable by 
immersion in 70% alcohol. This requires a longer period of time for obtain- 
ing the desired pliability than is necessary with warm water or saline, but it 
has the advantage of removing to a greater extent the xylene tubing fluid. 
Seventy per cent alcohol is not a satisfactory agent for complete removal of 
xylene, however, because xylene is not as freely soluble in this concentration 
of alcohol. Ninety-five per cent alcohol could be used but would require a 
longer period of time as a softening agent than can usually be afforded in 
the operating room and, furthermore, if one has to resort to alcohol one might 
just as well use nonboilable gut which is already put up in alcohol and is 
sufficiently pliable for immediate use when removed from the tube. An 
additional point regarding the use of alcohol as a softening agent and as a 
solvent for the xylene revolves about an observation in Exper. 3, where it 
was found that in certain concentrations of xylene in 95% alcohol there was 
apparently a greater tissue reaction observed than when either xylene or 
alcohol was used alone. 

It is probable that some of the recently developed “wetting agents” or 
emulsifiers might be useful in removing the xylene from the gut. A relatively 
small amount of one of these in water will emulsify the xylene and favor its 
removal from the gut. Studies are in progress to determine what agents of 


280 


1 
( 

I 

I 

P 


Volume 118 SURGICAL CATGUT TUBING FLUID 


Number 2 


this type might be best suited to the elimination of water-insoluble irritants 
from surgical gut. 

Although our data show that toluene is definitely less irritant and necrosing 
to tissues than xylene it is more of an irritant than is desirable. Furthermore, 
the use of toluene as a tubing fluid would subject the operating team to the 
hazards of inhaling toluene vapor. There has been considerable interest 
recently in the hazards of inhaling toluene vapor in concentrations of 50 to 
200 p.p.m.* (von O6cettingen, and coworkers,®)® and Greenburg, and co- 
workers.7) It is not inconceivable that in a busy and not too well ventilated 
operating room the operating team could be exposed to a concentration of 
toluene vapor from the broken tubes of surgical gut sufficient to produce 
some of the toxic manifestations, muscle incoordination in particular, de- 
scribed by von Oettingen. Xylene appears to have very similar toxic 
properties.® 

If manufacturers are unable to provide an anhydrous liquid for boilable 
surgical gut which is not only harmless to the gut, but also harmless to tissues 
and nontoxic when inhaled as a vapor it would appear appropriate to suggest 
marketing boilable products without any tubing fluid. For surgeons who are 
anxious to utilize suture material which is entirely free of extraneous irritants 
this would provide the ideal absorbable suture. It would be necessary, of 
course, to moisten the gut in physiologic salt solution to make it pliable. 


NONBOILABLE TUBING FLurp.—The data from Exper. 4 and 5 show that 
there was a water-insoluble liquid present in varying concentrations, up to 
15% by volume, in the alcoholic tubing fluid of numerous nonboilable surgical 
products. Neither the presence of such a liquid nor its nature was indi- 
cated on the package label where the composition of the tubing fluid is 
supposed to be recorded. With the cooperation of an independent laboratory 
this observation was further substantiated, and the water insoluble liquid 
identified as a high boiling range hydrocarbon mixture. 

The explanation for the presence of this high boiling range water-inosluble 
liquid in the alcoholic tubing fluid is undoubtedly that it represents the material 
in which the surgical gut was heat sterilized, and this anhydrous liquid was 
not completely removed from the tube containing the gut before the alcoholic 
solution was added and the tube sealed. The striking differences in the amount 
of such material present in the alcoholic tubing fluids from different com- 
mercial souces (Table IT) make it appear obvious that there are fundamental 
differences in the way various companies handle this step in the manufacture 
of surgical gut. Furthermore, variations were occasionally observed in this 
respect from tube to tube and from lot to lot in products from the same 
manufacturer. It is apparent from these observations that this step in the 
production of nonboilable surgical gut deserves considerably more attention 
irom the manufacturers than it has received up to the present time. It is only 


* Parts per million. 
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fair to point out here that some manufacturers have been eliminating this 
material from their finished products to a considerable degree. It was 
rather surprising to find, on the other hand, that in some products as much 
as 5 to 15 per cent of the alcoholic tubing fluid was in all probability the 
liquid which had been used in the heat sterilization process. 

The presence of this material in alcoholic tubing fluids would have little 
practical significance were it not for its striking properties as a tissue irritant. 
In Exper. 8 it was shown that all the nonboilable tubing fluids were more 
irritant to human tissues than 95% ethyl alcohol. Furthermore. the degree 
of tissue reaction induced by these fluids was roughly proportional to the con- 
centration of the water-insoluble component. It was of some interest that 
even traces of this material in the tubing fluid appeared to cause a more 
noticeable reaction than 95% alcohol. It is possible that the tissue reaction 
produced by products having only a trace of water-insoluble component may 
have been due to irritant substances extracted from the suture material by the 
alcohol, or to some denaturant which may have been present in the commercial 
grade of alcohol employed. These explanations are probably of minor 
significance, however, in view of the obvious necrosing action in human skin 
of concentrations as low as 1% in 95% ethyl alcohol (C.P.) of the pooled 
high boiling range distillate from alcoholic tubing fluids (Fig. 7). 

The use of a petroleum derivative by at least one manufacturer, presumably 
to avoid using the irritant coal-tar derivatives, did not eliminate the irritant 
factor in the alcoholic tubing fluid because this material or at least the sample 
available to us was no less irritating and necrosing to tissues than hi-flash 
solvent. 

In regard to the use of an alcoholic solution for the tubing fluid of non- 
boilable surgical gut it should be pointed out that 95 per cent ethyl alcohol is a 
tissue irritant and protein coagulant. Its irritant action in the tissues is, 
however, substantially less than xylene, hi-flash solvent, the petroleum de- 
rivative, and even less than toluene. Its mode of action is somewhat different 
as pointed out in Exper. 3 and &. It is probable that such irritant action as 
may be observed in the tissues from catgut is only secondarily due to alcohol 
in view of the potent irritant action of the water-insoluble hydrocarbons 
which undoubtedly overshadows the action of the alcohol or is enhanced by it. 
Tn most operating rooms there is some lapse of time between the opening of 
the tube and the use of the catgut. and it is hoped that some of the alcohol 
has an opportunitv to evaporate before the gut is introduced into the tissues. 
Tf the alcoholic tubing fluid is relatively free from water-insoluble hydrocar- 
bon, and if the catgut is stretched out and permitted to dry or is moistened 
in saline, it is probable that this would represent the suture material of least 
extraneous irritant content which is now available. 

The presence of germicidals such as potassium mercuric iodide and phenyl! 
mercuric benzoate in the alcoholic tubing fluids offers another source of irri- 
tation, but our limited observations on this point lead us to believe it is rela- 
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tively insignificant in comparison with the potent irritant action of the hydro- 
carbon factor of tubing fluids. 

The presence of appreciable quantities of a water-insoluble liquid in al- 
coholic tubing fluids, which was demonstrated to have an irritant action in 
relatively low dilutions in alcohol, and which evaporates more slowly than 
alcohol, could account for considerabe tissue irritation if introduced into the 
tissues along with surgical gut sutures. 

The demonstration of a water insoluble liquid in alcoholic tubing fluid 
by the emulsion tests or other means does not necessarily imply that such a 
liquid is an irritant to tissues because some manufacturers may find a suitable 
anhydrous liquid for heat sterilization which is harmless to living tissues. 
Therefore, any residuum of such liquid in alcoholic tubing fluids would not 
constitute a potential source of tissue irritation if carried into the tissues along 
with the surgical gut. 

In regard to the identity of the fluid which was found in the alcoholic 
tubing fluids this mav be said: It has a characteristic odor; a boiling range; 
a solubility in water-alcohol mixtures; and a tissue irritant action which was 
closely similar to that observed for a hydrocarbon known as hi-flash solvent, 
which is believed to be the anhydrous liquid used by most manufacturers for 
the heat sterilization of their catgut. 


SUMMARY 


1. Xylene, which has been the anhydrous liquid commonly used as a tub- 
ing fluid for boilable surgical gut, was found to be a potent tissue irritant. 

2. The alcoholic tubing fluids of nonboilable surgical gut were found to 
contain, in many instances, a water-insoluble liquid, the presence of which 
could be demonstrated by the addition of water which produced a white 
emulsion. 

3. The amount of this water-insoluble liquid varied in different products, 
package lots, and individual tubes in the same packave, from a trace to as 
much as 15 per cent by volume of the alcoholic tubing fluid. 

4. The irritant action of the alcoholic tubing fluids were generally in excess 
of that observed for 95 per cent ethyl alcohol, but less than was found for 
xylene. The magnitude of irritant action, which in some products was rather 
excessive, was proportional to the amount of water-insoluble liquid in the 
alcoholic tubing fluid. 

5. The water-insoluble liquid recovered from the alcoholic tubing fluids bv 
emulsion separation or distillation was found to be somewhat more of a tissue 
irritant than xylene. 

CONCLUSIONS 

1. The presence of a water-insoluble liatid in alcoholic tubing fluid of non- 
hoilable surgical gut can probably be explained on the basis that it represents 
a residuum of the anhydrous hydrocarbon used for the heat sterilization of 
the cateut. which was not eliminated from the tube before the addition of the 
alcoholic solution and the sealing of the tube. 
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2. In view of the irritant action of xylene and this water-insoluble liquid in 
alcoholic tubing fluids, which was probably hi-flash solvent or a similar or 
related anhydrous hydrocarbon, a question is raised as to whether these liq- 
uids alone or in combination with alcohol may not be carriéd into the tissues 
along with surgical gut in sufficient concentration to have an undesirable irri- 
tant action on the tissues in which the catgut is placed. 

3. The use of an anhydrous liquid in the heat sterilization of catgut to 
obtain uniform transmission of heat without damage to the gut is conceded as 
a necessary step in the manufacture of surgical gut to insure the standard of 
sterility expected by the surgical profession. However, it would appear that 
general improvements could be made in some manufacturing methods from 
the standpoint of utilizing a liquid for heat sterilization which is nonirritating 
to tissues or of eliminating from tubing fluids such hydrocarbons as have been 
found to have irritant properties to living tissues. 
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HYDROCARBON CONTENT OF NONBOILABLE SURGICAL 
GUT TUBING FLUIDS* 
ALBERT E. SipwE Jr., Pa.D. 
Cuicaco, 
FROM THE CHEMICAL LABORATORY, AMERICAN MEDICAL ASSOCIATION, CHICAGO, ILL. 

CURRENTLY MARKETED nonboilable surgical gut is packaged in sealed glass 
tubes, scored for breaking at the midpoint. Each tube contains a single strand 
of surgical gut with or without a spool, a loose paper label insert, and a 
quantity of clear fluid known as “tubing fluid.” According to requirements 
vf the United States Pharmacopeia, the composition of the tubing fluid used 
in packaging surgical gut must be stated in the labeling of market packages 
of the product, 

In the course of a study of tissue irritation associated with the tubing 
fluids employed in marketing surgical gut, Drs. H. P. Jenkins and C. L. 
Dunham, of the University of Chicago, observed that the admixture of water 
with the tubing fluids from some brands of nonboilable surgical gut produced 
white emulsions of varying turbidity. These investigators found that the 
emulsions thus formed broke on standing, with the formation of water- 
immiscible, supernatant liquid layers of varying volume. These findings were 
brought to the attention of the A. M. A. Chemical Laboratory. Because of the 
possible serious implications, an independent chemical examination was made 
of the tubing fluids used in packaging nonboilable surgical gut marketed by 
various manufacturers. For this purpose, original market packages of size 
one, nonboilable, sterile surgical gut of both plain and medium chromic types, 
representative of the products of nine different manufacturers, were purchased 
on the open market for examination. 

According to statements found on the package labels, the tubing fluids 
used in the products obtained may be classified as follows: 


(a) 95 per cent ethyl alcohol containing varying amounts (0.1 to 0.3 per cent) 
of potassium mercuric iodide. 
(b) 76 per cent ethyl alcohol, 20 per cent isopropyl alcohol and phenylmer- 


curic benzoate 0.025 per cent in water. 
(c) 95 per cent ethyl alcohol containing phenylmercuric benzoate 0.02 


per cent. 
(d) Anhydrous ethyl alcohol containing 10 per cent methanol. 
(e) 97 per cent ethyl alcohol containing phenylmercuric nitrate 0.025 per cent. 


It is apparent that this classification includes no water-insoluble liquid 
constituents. However, the results of this investigation indicate the presence 
of up to 14 per cent (V/V) of water-insoluble liquid aromatic hydrocarbons 
in some of the nonboilable surgical gut “tubing fluids” examined. The phys- 
ical and chemical properties of the water-insoluble materials isolated from 
various specimens lead to the conclusion that the tubing fluid contains mate- 


*Read by title before the American Surgical Association, May 13-14, 1043, 
Cincinnati, Ohio. 
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rial closely related to a coal-tar distillate, the so-called “xylene fraction” or 
solvent naphtha. Specimens of the hydrocarbons isolated from nonboilable 
tubing fluids in this laboratory were submitted to Doctors Jenkins and Dun- 
ham.' Injection of these materials, when administered either undiluted or 
in the form of alcoholic solutions, produced tissue irritation, 


TABLE I 
AROMATIC HYDROCARBON CONTENT OF SURGICAL GUT TUBING FLUID 
Per Cent Principal Boiling Range 

Hydrocarbon Found of Isolated 
Manufacturer* Gut Type Odor Test (V/V) Hydrocarbons 
167°-170° C. 
4.8 
172°-174° C, 


O > 


.4 
0 
3.3\ 1$2°-174" C. 


.6 


154°-158° C, 


152°-174' C. 


*The method of indicating manufacturer by the numbers 1, 2, 3, etc., does met represent the same code as 
that used by Jenkins and Dunham. 
EXPERIMENTAL STUDIES 

Original market packages of size one, nonboilable surgical gut (U.S.P.), 
of both Type A (plain) and Type C (medium chromic) were purchased from 
a surgical supply house. The products of nine different manufacturers were 
obtained. The fluids found in individual tubes served as specimens for study. 

A. Odor; The odor of the tubing fluid contained in individual tubes was 
used as a rough index of the presence or absence of aromatic hydrocarbons. 
It was found that tubing fluids, later shown to contain less than 0.4 per cent 
(V/V) of aromatic hydrocarbons yielded only the odor of the alcohols present. 
Positive results obtained by the odor test are shown in Table I by plus (+) 
signs. 

B. Composite Distillate: Tubing fluids whose odors indicated the presence 
of aromatic hydrocarbons were pooled and mixed with ten volumes of water. 
Sufficient normal sodium hydroxide to render the emulsion alkaline was 
added and the mixture was distilled. The initial portion of the distillate was 
cloudy emulsion. The distillation was continued until only a single fluid was 
discharged from the condenser. The collected distillate was treated with two 
volumes of water, acidified with diluted sulfuric acid, and distilled again, until 
only a single fluid was discharged from the condenser. The final distillate 
was treated with two volumes of water and allowed to stand in a stoppered 
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graduated cylinder until the white emulsion broke and a clear supernatant 
liquid layer formed. The liquids were separated and the water-insoluble 
material was dried with anhydrous sodium sulfate. On distillation, the boil- 
ing point range of this material was found to be from 140° to 190° C. The 
total distillate was divided into two portions. One portion was submitted to 
Doctors Jenkins and Dunham for tissue irritation studies; the other was re- 
tained for chemical examination. The isolated fluid burned in air with a 
yellow, smoky flame. One volume of the liquid was found to be soluble in 
three volumes of fuming sulfuric acid. Qualitative tests indicated the absence 
of halogens, nitrogen and sulfur. The refractive index of the liquid was 
found to be 1.49 at 25° C., and the specific gravity found was 0.861 at 25° C. 
It was soluble in ethyl alcohol, methyl alcohol and isopropyl alcohol, but in- 
soluble in water. Traces of the material yielded a reddish-brown color with 
concentrated sulfuric acid containing small amounts of formaldehyde. 

C. Individual Tubing Fluids; Material isolated, as described in (B), was 
used as a control substance, dissolved in alcohol, in the further investigation 
of individual tubing fluids. An adaptation of the British? standardized test 
for benzene in air was applied to individual tubing fluids in appropriate ethyl 
alcohol dilution. The prepared solutions were transferred to an apparatus 
designed to allow aspiration of a measured volume of air through the unknown 
solution and thence through a known volume of a reagent consisting of five 
cubic centimeters of 40 per cent formaldehyde solution per 100 cc. of con- 
centrated sulfuric acid. Spectrophotometric measurements at 500, 550 and 
600 m. on the colored solutions obtained indicated the presence of up to 14.0 
per cent (V/V) of aromatic hydrocarbons in the various original tubing 
fluids studied. The results are shown in Table I. 

D. Hydrocarbons from Individual Tubing Fluids; Specimens of tubing 
fluid from individual products found by test to contain aromatic hydrocarbons 
were distilled from aqueous solutions as described under (B), and portions 
of the hydrocarbons obtained were submitted to Doctors Jenkins and Dunham 
for tissue irritation studies. The isolated materials were found to be com- 
pletely soluble in fuming sulfuric acid and responded to tests for aromatic 
hydrocarbons. The boiling points found are shown in Table I. 


SUMMARY 

Chemical examination of marketed specimens of nonboilable surgical gut 
(U.S.P.), representing products of nine different manufacturers, indicated 
the presence of up to 14.0 per cent (V/V) of high boiling aromatic hydro- 
carbons in the tubing fluids. These hydrocarbons are related to a coal-tar 
distillate known as the “xylene fraction” or solvent naphtha. 


REFERENCES 
* Dunham, C. L., and Jenkins, H. P.: Surgical Gut (Catgut) Tubing Fluid as a Tissue 
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IRRITANT PROPERTIES OF TUBING FLUIDS AS A FACTOR IN 
THE TISSUE REACTIONS OBSERVED WITH SURGICAL GUT 
(CATGUT)* 
Hitcer Perry Jenkins, M.D., anp CHARLES LittLE Dunnam, M.D. 
Cuicaco, IL. 


FROM THE DEPARTMENT OF SURGERY AND THE DEPARTMENT OF MEDICINE, UNIVERSITY OF CHICAGO, 
SCHOOL OF MEDICINE, CHICAGO, ILL. 


In the previously reported work on the “Absorption of Surgical Gut (Cat 
gut')” it was pointed out in the discussion of the possible explanations of 
the tissue irritation which frequently was associated with the experimental 
catgut implants that this may have been due to irritants in the tubing fluid 
such as the xylene of boilable products, the alcohol of nonboilable products, 
or the water-insoluble liquid which was found to be present in some non- 
boilable alcoholic tubing fluids. The surgical gut tubing fluids were made 
the subject of further study to clarify this point, and preliminary reports of 
this work have already appeared." 

In the preceding communication by Dunham and Jenkins* it was found 
that the surgical gut tubing fluids were tissue irritants of varying degree 
depending on the composition of the fluid. The irritant properties were 
evaluated by the intradermal injection of 0.05 cc. amounts of the various 
fluids into the skin of dogs and human subjects and observing the lesions 
produced thereby. ‘The boilable variety of surgical gut tubing fluid, which 
was xylene, was found to be especially damaging to tissues. The nonboilable 
variety of tubing fluids which were recorded on the package label as con- 
sisting of various alcoholic solutions containing a fraction of one per cent of 
a germicidal agent, was somewhat less damaging to tissues than the xylene 
tubing fluid, however, the magnitude of the tissue reaction was frequently 
considerably in excess of that obtained by 95 per cent ethyl alcohol. This 
excessive irritant action of a considerable proportion of the alcoholic tubing 
fluids as compared with 95 per cent ethyl alcohol was apparently due to the 
presence of a water-insoluble liquid in the alcoholic tubing fluids. The 
amount of this liquid varied from a trace to as much as 15 per cent by volume 
in the various products tested. The presence of this water-insoluble liquid 
in the nonboilable surgical gut tubing fluids was further corroborated by 
Sidwell,* and identified as a high boiling range aromatic hydrocarbon mixture 
related to a coal-tar distillate known as “xylene fraction” or solvent naphtha. 

The presence of this water-insoluble liquid in the alcoholic tubing fluids 
of nonboilable surgical gut undoubtedly represented a residue of the anhydrous 
liquid which was used by the manufacturer for the heat sterilization of the 
catgut and which was not eliminated from the tube of catgut before the 


* Read by title before the American Surgical Association, May 13-14, 1943, Cin- 
cinnati, Ohio. 
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alcoholic solution was added and the tube sealed. This liquid was found to 
he somewhat more damaging to tissues than xylene and its irritant action 
could be detected in relatively low dilutions in 95 per cent ethyl alcohol. A 
sample of the liquid which was believed to be the anhydrous hydrocarbon 
used by most of the surgical gut manufacturers, and which has been known 
as hi-flash solvent, was found from the standpoint of tissue irritation, solu- 
bility in water-alcohol mixtures, and boiling range to have properties similar 
to the water-insoluble liquid which was recovered from most of the alcoholic 
tubing fluids. 

The practical significance of these observations on the irritant properties 
of surgical gut tubing fluids depends upon whether the tubing fluids are car- 
ried into the tissues along with the catgut in sufficient concentration to have 
an irritant action on the tissues in which the catgut is embedded. 

In an endeavor to evaluate this point a number of experiments were de- 
vised: 1. Weighings were made of catgut to determine the amount of tubing 
fluid which remained on or in the catgut strand after removal from the tube. 
2. Intradermal injection tests were carried out on dogs and patients utilizing 
amounts and concentrations of xvlene or hi-flash solvent which were com- 
parable to that found in the catgut by the weighing experiments. 3. Implanta- 
tions of catgut in the tissues were made with and without washing procedures 
designed to eliminate tubing fluid irritants. 

EXPERIMENTAL STUDIES 

1. WetcHinc Trests.—Boilable Catgut: Standard tubes of boilable cat- 
gut, which contained xylene as the tubing fluid according to the package 
label, were opened, the catgut was wiped with a dry cloth and then weighed, 
utilizing a glass-encased high sensitivity scale (sensitive to 0.1 mg.). The 
catgut was then placed in a vacuum desiccator and removed for subsequent 
weighings until such time as a constant weight was obtained. 

Weight Loss of Weight Concentration of 


Volatile Material 
NO. 2 SIZE OF TYPE A—PLAIN SURGICAL GUT 


40 minutes 0.3585 Gm. 2.7 mg. 

3 hours 0.3565 Gm. 4.7 mg. 

20 hours 0.3561 Gm. 5.1 mg. 1.49 
NO. 2 SIZE OF TYPE A—-PLAIN SURGICAL GUT 

.3975 Gm. 

$5 minutes . 3944 Gm, 3.1 mg. 

}hours.... .3925 Gm, 5.0 mg. 

20 hours .3925 Gm. 5.0 mg. 

7 days . 3924 Gm. 5.1 mg. 1.28% 

NO. 2 SIZE OF TYPE C--MEDIUM CHROMIC SURGICAL GUT 

Original. . . 0.3128 Gm. 

35 minutes , 0.3117 Gm, 1.1 mg. 

3 hours... 0.3074 Gm. 5.4 meg. 

20 hours. , 0.3070 Gm, 5.8 mg. 

5 days 0.3052 Gm. 7.6 mg. 2% 
NO. 1 SIZE OF TYPE A-—-PLAIN SURGICAL GUT 

0.3970 Gm. 

45 minutes... 0.3924 Gm. 4.6 mg. 

3 hours..... 0.3912 Gm, 5:8 mg. 

24 hours. ; 0.3898 Gm. 7.2 mg. 


48 hours... 0.3893 Gm. 


7.7 mg. 1.9% 
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To determine the adequacy of the wiping procedure to eliminate the xylene 
on the surface of the gut additional tests were carried out in which the sur- 
face xylene was eliminated by subjecting the gut to a preliminary ten-minute 
period of vacuum desiccation as soon as it was removed from the tube. This 


period of time was apparently adequate for the elimination of the xylene on 
the surface of the gut. 


NO. 2 SIZE OF TYPE ( MEDIUM CHROMIC SURGICAL GUT 


Concentration of 


Weight Loss of Weight Volatile Material 
0.3556 Gm, > 
10 minutes... 0.3442 Gm. 11.4 mg. 3.2%, 
144 hours. 0.3427 Gm. 41.5 
20 hours... 0.3390 Gm. 5.2 mg. 1.5% 
0.3374 Gm. 6.8 mg. 1.9% 


3 days... 


It would appear from these observations that practically all of the surface 
xylene was eliminated from the gut by the initial vacuum treatment, in view 
of the fact that in the next hour and one-half only 1.5 mg. were eliminated. 


It should be of particular interest that the most substantial portion of the 
The residual con- 


residual xylene was not recovered until the following day. 
centration of volatile material of 1.9 per cent after elimination of surface 
xylene compares favorably with the results obtained by wiping the gut before 


obtaining the original weight. 

These observations establish the fact that one to two per cent by weight 
of the larger sizes of boilable catgut consists of volatile material which ap- 
pears to be within the strand of gut rather than on its surface. The rela- 
tively long periods of time required to eliminate this volatile material from 
the gut by vacuum desiccation is a point of considerable importance. Boil- 
able gut must be prepared in a strictly anhydrous condition and, if this amount 
of weight loss were due to water in the gut, it is very probable that the heat 
sterilization process would have seriously damaged the gut, which is quite 
vulnerable to heat in the presence of any appreciable amount of moisture. 
Therefore, the one to two per cent loss of weight which was found after 
elimination of surface xylene was presumed to represent the concentration 


of xylene within the strand of catgut and which was eliminated only by pro- 
It is very improbable that this 


longed treatment in the vacuum desiccator. 
would be eliminated by the operating room procedures customarily utilized 
for inducing pliability of the gut before its use in the tissues, such as dipping 
in water, saline, or 70 per cent alcohol for a few minutes. 

Nonboilable Catgut: Standard tubes of nonboilable surgical gut which 
contained alcoholic tubing fluid and a germicidal agent, according to the 
package label, were opened, the frame supporting the gut was removed, and 
the strand weighed immediately. Then the strand was stretched out, as is 
customarily done in the operating room as soon as it is removed from the 


tube and weighed again. 
Following this, the strand was placed in the vacuum desiccator and _ re- 
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moved from time to time for subsequent weighings. The original weight 
used for computing the ultimate loss of weight was the reading taken after 
stretching out the catgut, as this is more nearly representative of the con- 


dition of the gut when it is used in the operating room. 


NO. 2 TYPE A—PLAIN SURGICAL GUT (50% HYDROCARBON IN ALCOHOLIC TUBING FLUID) 
Significant Concentration 
of Volatile Material 
Weight Loss of Weight (Alcoholic Tubing Fluid) 
Original. . ade 0.6240 Gm. 
After stretching ‘ 0.5820 Gm, 42.0 mg. 


1 hour.. 0.5204 Gm, 61.6 mg. 

20 hours 0.4840 Gin, 98.0 mg. 16.8% 

3 days..... 0.4728 Gm. 109.2 mg. 18.7% 
NO. 2 TYPE ( MEDIUM CHROMIC SURGICAL GUT (20% HYDROCARBON IN ALCOHOLIC TUBING FLUID) 

Original. . 0.5704 Gm. 

After stretching 0.5348 Gm. 35.6 mg. 


0.4717 Gm, 63.1 mg. 


20 hours : 06.4403 Gm. 94.5 mg. 17.6% 
0.4302 Gm. 104.6 mg. 19.3% 


NO. 1 TYPE A—-PLAIN SURGICAL CUT (514% HYDROCARBON IN ALCOHOLIC TUBING FLUID) 


P 0.5050 Gm, 
0.4830 Gm. 22.0 mg. 


After stretching 


1 hour... : 0.4297 Gm. 55.3 mg. 

20 hours ‘ ; 0.4000 Gm, 83.0 wg. 

0.3907 Gm, 92.3 mg. 
NO. 1 TYPE C—MEDIUM CHROMIC SURGICAL GUT 

Original 0.3600 Gm, 

After stretching. ee 0.3520 Gm. 8.0 mg. 


1 hour 0.3128 Gm. 39.2 mg. 
20 hours.... ; 0.2946 Gm. 57.4 mg. 16.2% 
0.2887 Gm. 63.3 mg. 17.9% 


These observations establish the fact that as much as 18 per cent by 
weight of the larger sizes of nonboilable surgical gut may be composed of 
volatile material when it is used in the operating room as soon as it is re- 
moved from the tube and stretched out according to directions of the manu- 
facturer. If the catgut is not stretched out before it is used it may have as 
much as 22 per cent by weight of volatile material in or on the catgut. The 
volatile component of the surgical gut is presumably the alcoholic tubing fluid 
which, in this instance, was recorded on the package label as g6 per cent 
alcohol but which also was found to contain appreciable quantities of a water- 
insoluble liquid which is believed to be hi-flash solvent. Thus, we have three 
components to consider, the alcohol, the water, and the hi-flash solvent 
(B.P.) 163°-180° C. In view of the rather striking differences in the boiling 
points of these three liquids it would not be surprising to find some selectivity 
in their elimination from the gut in the vacuum desiccator. The presence of 
18 per cent alcohol by weight, of course, would mean a considerably higher 
concentration if estimated from the standpoint of volume in view of the 
low specific gravity of alcohol. Thus, we have to consider that at least 20 
per cent by volume of the catgut is volatile material. With this point estab- 
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lished we must also take into consideration that there may be from five 
per cent to ten per cent of hi-flash solvent in some of the alcoholic tubing 
fluids. Surgical gut which is put up in such a tubing fluid: would then be 
expected to have at least a concentration of one to two per cent by volume, 
or 0.9 per cent to 1.8 per cent by weight of hi-flash solvent in the gut. 

Aside from the relative concentration of xylene or hi-flash solvent, which 
may be as much as one to two per cent in the catgut, one should take into 
consideration the actual amount present in the length of catgut which is re- 
quired for a single ligature. It requires approximately 3 cm. of a No. 1-size 
catgut for an ordinary ligature if a triple throw knot is used and the ends of 
the strand cut within two to three millimeters of the knot. There are approxi- 
mately 150 cm. of catgut in a standard strand. Therefore, if one has as much 
as five milligrams, or more, of xylene present in the entire strand one would 
have at least 0.1 mg. in three centimeters of catgut concentrated in a relatively 
small focal point. Similar analogies obtain in regard to hi-flash solvent if 
it is present in five to ten per cent concentrations in the alcoholic tubing fluid. 
Subsequent intradermal injection experiments will demonstrate the effect of 
this amount of material in the tissues. In regard to the alcohol in the non- 
boilable catgut there may be as much as 1.5 mg. of alcohol in a single ligature 
of No. 1 catgut, aside from any hi-flash solvent component. 

These tests demonstrate that it requires an hour of vacuum dessication 
to eliminate 60 per cent of the volatile material in nonboilable surgical gut, 
which would appear to be alcohol, water, and a trace to as much as 15 per cent 
of a high boiling point hydrocarbon. Therefore, it is improbable that more 
than half of the tubing fluid would be eliminated by evaporation during the 
course of an ordinary operation if the gut was removed from the tubes at the 
beginning of the operation. Furthermore, it is likely that the material with 
the high boiling range would remain in the gut longer than the alcohol. 
Whatever tubing fluid that fails to be eliminated by evaporation would ob- 
viously be carried iuto the tissues along with the suture. 

2. INTRADERMAL INJECTION EXPERIMENTS.—To ascertain the action on 
the tissues of relatively minute amounts of the water-insoluble hydrocarbons, 
xylene and hi-flash solvent, they were made up in varying concentrations as 
an emulsion in physiologic saline solution, with the aid of an emulsifying 
agent such as Ninol 737 or Atlas Tween 20. Intradermal injections of 0.05 
cc. amounts were made in the skin of dogs and patients and the resulting 
lesions observed : 

In the series of injection experiments on animals, 10 per cent, 5 per cent, 
I per cent, and 0.5 per cent emulsions of xylene and hi-flash solvent in saline 
were used. The concentration of emulsifying agent (Ninol 737) in the 10 
per cent emulsion was 2 per cent, in the I per cent emulsion 0.2 per cent. 
In addition, 10 per cent, 5 per cent and 1 per cent dilutions of concentrated 
HNO, were used for comparison. The results of these tests showed that the 
10 per cent and 5 per cent emulsions of xylene or hi-flash solvent were capa- 
ble of producing necrosis of the skin whereas the 1 per cent and 0.5 per cent 
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emulsions produced small inflammatory lesions which subsided after several 
days without producing necrosis. The emulsifying agent alone in the 2 
per cent concentration produced a small nonnecrosing inflammatory lesion, 
hut in 0.5 per cent to 0.2 per cent concentrations the lesion produced was 
practically negligible. The 10 per cent and 5 per cent nitric acid solution 
produced skin necrosis which was somewhat less conspicuous than was ob- 


served for the 10 per cent and 5 per cent emulsions, but in the 1 per cent 
HINO, concentration the lesion was somewhat more noticeable than the 1 
per cent emulsion preparations, but did not go on to necrosis. 

In another series of animals 5 cc. of Evans blue (T-1824) was injected 
intravenously before the intradermal injections were made. It was of con- 
siderable interest to observe that emulsion preparations as well as the dilu- 
tions of HNO, produced a blue discoloration of the skin at the site of in- 
jection which was noticeable within a few minutes and spread to an area of 
1-2 cm. about the site of injection. This would appear to indicate that a 
fairly rapid damaging effect of the capillaries is obtained with loss of plasma 
at the point of injection. Some blue discoloration occurred for the 2 per cent 
Ninol as well as for distilled water which was also used in this series as a 
control. The distilled water injection produced a temporary lesion which 
did not go on to necrosis. No noticeable blue color was found at the site 
ef injection of the saline controls or the 0.5 per cent or 0.2 per cent emulsify- 
inz agent ( Ninol). 

In the intradermal skin tests on patients 1 per cent, 0.5 per cent, 0.1 
per cent and 0.05 per cent emulsions of xylene or hi-flash solvent in physio- 
logical saline were used in 0.05 cc. or 0.025 cc. amounts. Ninol in 0.2 per cent 
concentration was used for some of the 1 per cent emu'sions, whereas At'as 
Tween 20 was used in most of the tests in 0.5 per cent concentration in the 
1 per cent emulsions. The more dilute emulsions contained proportionately 
less emulsifying agent, that is the 0.1 per cent emulsion contained only 0.05 
per cent of emulsifving agent. Sixteen patients were subjected to injection 
tests, the results of which showed that the 1 per cent emulsions of xylene 
or hi-flash solvent rather consistently produced a small inflammatory lesion 
at least 1 em. in diameter which could be detected up to one to three weeks 
after injection as a small area of induration or redness. The injection pro- 
duced considerable pain. The 0.5 ner cent emulsions produced similar but 
slightly less conspicuous lesions. The 0.1 per cent emulsions produced a 
noticeable inflammatory lesion which generally lasted for ore to three days 
or sometimes longer, although in some instances these were difficvlt to detect 
after 24 hours. The 0.05 per cent emulsion injections produced relatively 
transient lesions which were difficu't to identify after 21 hours, although in 
one patient the lesion could be detected for two davs after the injection. The 
controls of 0.5 per cent Tween 20 in saline produced transient lesions which 
were relatively minimal in comparison with the 1 per cent emulsions with 
which they were compared. The saline controls did not produce any per- 
sistent detectable lesions. Distilled water controls produced a transient lesion 
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which was painful at the time of injection. There was a slight pain sensation 
associated with the 0.5 per cent Tween 20 controls, and slightly more pain 
with the 0.1 per cent emulsions. There was no noticeable difference in the 
effect of the xylene as compared with hi-flash solvent in comparable -dilutions 
in the same patient. 

To compare the weighing experiments mentioned above with the amount 
of xylene or hi-flash solvent used in the intradermal tests the following table 
is presented which gives the amount of hydrocarbon in cubic centimeters and 
milligrams which is present in the 0.05 cc. of emulsion which was used for 


injection purposes : 


1% 0.5% 0.1% 0.05% 
0.0005 ce. 0.00025 ce. 0.00005 ce. 0.000025 ee. 
5/10,000 ce. 25/100,000 ce. 5/100,000 ce. 25/1,000,000 ce. 
0.43 mg. 0.215 mg. 0.043 mg. 0.0215 mg. 


In the weighing experiments it was found that 3 cm. of No. 1 catgut 
could contain as much as 0.1 mg. of xylene or a similar amount of hi-flash 
solvent if the concentration of this was 5 per cent or more in the alcoholic 
tubing fluid which was not at all uncommon in many nonboilable products. 
Therefore, the amount of irritant hydrocarbon which may be present in a 
single ligature of No. 1 catgut is approximately midway between the hydro- 
carbon content of the 0.5 per cent and the 0.1 per cent emulsion injections. 
In view of the fact that these concentrations of hydrocarbon will produce 
evidence of inflammatory reaction in the tissues of patients which were sub- 
jected to test it is reasonable to presume that the hydtocarbon content of a 
single ligature is capable of producing an inflammatory reaction about the 
catgut. 

In four patients it was possible to obtain a microscopic section of the 
lesions produced by the injection tests. The tissue was obtained by opera- 
tion, such as amputation or excision of a tumor or scar requiring removal of 
adjacent normal skin, or by punch biopsy. In three of these sections which 
were made through lesions produced by 1 per cent or 0.5 per cent emulsions 
of hi-flash solvent there was a definite polymorphonuclear leukocytic invasion 
of the tissues which was limited to the area of injection. In the punch biopsy 
of the lesion produced by 0.1 per cent emulsion the leukocytic invasion was 
less marked (Fig. 1). 

3. SURGICAL IMPLANTS IN THE Tissues: A series of dogs were subjected 
to implantation tests using as many as six different standard products. Some 
of the implantations were done with boilable gut and others with nonboilable 
gut. The animals were operated upon under ether anesthesia, and the im- 
plantations made in the abdominal muscles under aseptic technic, as described 
in the previously reported work on “Absorption of Surgical Gut.” The boil- 
able variety of catgut was implanted direct from the tube, after dipping in 
70 per cent alcohol or saline long enough to induce pliability, after prolonged 
washing in 95 per cent alcohol, and after subsequent washing in saline. Non- 
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hoilable products were implanted after removal from the tubes, and after 


prolonged washing in alcohol. 

The results of these tests showed that in boilable products there was tissue 
irritation about the catgut implant which was manifest grossly as exudate and 
microscopically as an intense polymorphonuclear leukocytic invasion of the 
surrounding tissues, unless rather prolonged washing in 95 per cent ethyl 
alcohol had been previously carried out and the catgut dried or subsequently 
washed in saline. Even this procedure did not eliniinate evidence of irrita- 


Fic. 1.—Showing cellular resp nse »*4 hours after the injec- 
tion of 0.5%  mulsion of tubing fluid hydrocarbon in patient. This 
represents 0.215 mg. of hydrocarbon. The rather striking poly- 
morphonuclear leukocytic invasion of the tissues at the site of 
injection is an index to the irritant property of such liquids. 

At least this amount of hydrocarbon may be present in the 
length of gut required for two ligatures of No. 1 size of catgut 
if the original tubing fluid were xylene or an alcoholic solution 
containing 5% or more of a similar hydrocarbon, and prepared 
for surgical use by ordinary operating room technics. 


tion in many instances, although it did tend to minimize it. Dipping the cat- 
gut in water or 70 per cent alcohol for a period of time which is adequate to 
induce pliability such as is the custom in operating rooms where boilable 
products are used did not appear to eliminate to any appreciable extent the 
evidence of tissue irritation (Fig. 2). 

Another point which deserves mention is that in a number of instances 
where boilable products were implanted on one side of the abdominal wall of 
dogs and nonboilable products which were relatively free from hydrocarbons 
on the opposite side, it was found that a rather striking difference could be 
observed on the two sides from the standpoint of extensive edema of the 
abdominal wall where the boilable products had been implanted. Xylene is 
capable of producing edema of this magnitude in the tissues. 
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In the nonboilable products the washing in 95 per cent ethyl alcohol for 
a day or more and subsequent drying usually resulted in the elimination of 
gross evidence of tissue reaction such as exudate ; however, there was micro 
scopic evidence of polymorphonuclear invasion about certain products which 


B 


Fic. 2.—Showing tissue response to portions of the same strand of No. ooo-size of Type C 
medium chromic boilable surgical gut, after ten days in the tissues of the same animal. A. Im- 
planted direct from xylene tubing fluid and showing excessive polymorphonuclear laukocytic in- 
vasion of the tissues about the gut. B. Implanted after dipping in 70% alcohol long enough to 
induce pliability and showing conspicuous leukocytic response. C. Implanted after dipping in water 
long enough to induce pliability and showing leukocytic response. D. Implanted after washing in 
95% ethyl alcohol for 24 hours and subsequent washing in saline for six hours, and showing 
practically no leukocytic response, only fibroblasts and macrophages. This represents as minimal 
amount of tissue reaction as could be obtained with any type of suture material, 


were generally those which had the most hydrocarbon in the original alcoholic 
tubing fluid. The catgut which gave ihe least evidence of irritation as evi- 
denced by minimal leukocytic response was usually that which was relatively 
free from hydrocarbon in the alcoholic tubing fluid (Fig. 3). In comparing 
these observations with previous implants, which were done in the course of 
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the work on the Absorption of Surgical Gut, it was quite obvious that the 
excessive exudate which characterized certain products was substantially re- 
duced by washing in 95 per cent ethyl alcohol as compared with what was 
usually previously observed. Furthermore, it was observed that unless the 
alcoholic solution was permitted to evaporate to some extent before implant- 
ing the catgut one may have evidence of appreciable irritation in the tissues 
without the presence of any hydrocarbon in the alcoholic solution. This is 
not surprising in view of the known irritant action of alcohol, which was 
further demonstrated in previous injection experiments. 


Fic. 3.—Showing contrast in tissue response to No. o00-size of Type C-——-medium chromic sur- 
gical gut, which was subjected to the washing procedure in 95% ethyl alcohol and subsequent 
drying before being implanted in the same ony A. Product which was relatively free from 
hydrocarbon in the original tubing fluid and which did not elicit any appreciable polymorphonuclear 
leukocytic response. The macrophage, fibroblast, and lymphocytic response shown is the character- 
istic tissue response to relatively inert foreign material. B. Product which had 5%, or more, of 
hydrocarbon in the alcoholic tubing fluid which was apparently not entirely eliminated by the washing 
procedure, in view of the noticeable polymorphonuclear leukocytic invasion about, and even within, 
the catgut which is evidence of tissue irritation. (Digestion time in pepsin or trypsin of these 
two products were to a considerable extent comparable.) 

The main point brought out in these implantation tests is that the irritat- 
ing effect of the hydrocarbon in the gut may be substantially reduced in most 
instances by washing the suture in 95 per cent ethyl alcohol for 24 hours and 
subsequently eliminating the alcohol by evaporation or washing in saline. 
This procedure is not recommended for clinical use because of the possi- 


bility of introducing a factor of bacterial contamination of the suture. 


COMMENT 

In reviewing the literature on suture material and wound healing, one 
finds a considerable number of articles which deal with the superiority of silk, 
cotton, or stainless steel wire over catgut as ligature or suture material. 
These reports deal with clinical and experimental studies in which the authors 
found that wounds closed with catgut had more evidence of tissue reaction, as 
evidenced by redness, induration or serum formation, were more susceptible 
to infections, or were less secure than wounds closed with silk, cotton, or 
stainless steel wire. 

297 


A B 
a 


JENKINS AND DUNHAM 


August, 


Considerable interest in critical analyses of the healing of surgical wounds 
has been stimulated by the work of Whipple, Meleney, Harvey, Howes, and 
others. This has contributed substantially to improved technic and generally 
better wound healing in surgical cases. 

In Whipple’s® report on the use of silk in the repair of clean wounds, he 
pointed out that there was a far larger zone of leukocytes about catgut im- 
plants in the abdominal wall of the rat than about silk, which appeared to 
indicate a more irritative reaction of the tissues to catgut than to. silk. 
Meleney® found that in experimental observations on dogs that catgut wounds 
contained more bacteria than silk wounds, and, on the basis of this and a very 
extensive critical analysis of the incidence of infections and other complica- 
tions in wounds closed with catgut or silk, concluded that the use of catgut 
favored the growth of organisms introduced at the time of operation. 

Guthrie,’ in a clinical report on 470 surgical operations with silk technic, 
was convinced that silk had advantages over catgut because wounds healed 
with less tissue reaction, serum pockets seldom formed, and infections oc- 
curred less often in silk than in catgut wounds. Puestow,* in a series of 100 
thyroidectomies closed with catgut as compared with an equal number closed 
with silk, found that an advantage of the silk was a lower incidence of in- 
fection and serum drainage and better scars. Shambaugh,” in his review of 
wound complitations following herniotomy, found that the incidence of sup- 
purative wound infections in the catgut series was twice that in the silk 
series. Also he found that minor wound complications such as hematoma or 
accumulation of serum were eight times as frequent in the catgut series as in 
the silk group. 

Shambaugh and Dunphy,'’ in their experimental studies on dogs, showed 
that operative wounds repaired with silk tolerate bacterial contamination 
better than similar wounds repaired with catgut. Cutler and Dunphy"! re- 
ported on clinical and experimental observations on the use of silk in con- 
taminated wounds and concluded that silk could be used in the presence of in- 
fection, and that the degree of infection in the immediate postoperative course 
was less than when catgut was used. Dunphy and Botsford,'? in their report 
of a study of 600 thyroidectomies closed with silk or catgut, found that the 
incidence of nonsuppurative wound complications, such as induration or 
serum formation, as well as suppurative complications, was substantially re- 
duced in the silk series as compared with catgut, even when it was used by 
meticulous technic. 

In the work of Meade and Ochsner," which has stimulated the use of 
cotton suture material in many places, it was found that catgut produced the 
most reaction in the tissues and the slowest healing as compared with linen, 
silk, or cotton, the latter appearing to produce the least reaction and_ the 
earliest healing. 

Babcock’s' reports on the use of alloy steel wire for ligatures and sutures 
has been responsible for the use of this material in a number of surgical! 
clinics. In his observations on wounds closed with catgut as compared with 
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alloy steel wire, he felt that catgut produced reactions which retarded healing 
and favored infection. One observation which was made, which is quite 
pertinent, is that in testing catgut by implanting it in the skin he reported 
that this caused a red flare and a wheal in 24 hours which progressed up to 
a week, so that there was a zone of reaction and necrosis about each strand. 
This reaction is identical to that which was observed for xylene or hi-flash 
solvent when injected into the skin. Other favorable reports on stainless 
steel wire have been made by Preston,'* and by Pratt.’® Jones, et al.," 
found that the use of stainless steel wire in place of catgut in wound closure 
for abdominoperineal resections of the rectum had reduced the incidence of 
infections from 27.5 to 0.85 per cent. Disruptions after biliary surgery were 
reduced from 11 to 1.2 per cent. Kaufman, et al.,!5 in their study of alloy 
steel wire, observed that during the immediate postoperative course there 
was distinctly Jess induration, redness, and swelling of the tissues when wire 
was used than when other suture materials were employed. 

In a description of disrupted wounds following closure with catgut, 
Fallis'® noted “an inflammatory reaction characterized by excessive edema 
and outpouring of serum.” Although an allergic phenomenon was suggested 
as an explanation, it is possible that this type of reaction could be caused by 
irritant hydrocarbons in the catgut. 

The various reports which have been summarized bring out very clearly 
that there is an irritant factor in the use of catgut which is undesirable from 
the standpoint of optimum wound healing when comparisons are made with 
the various nonabsorbable suture materials. This irritant factor appears to 
manifest itself in the wound by induration, redness, serum formation, low- 
ered tissue resistance, with increased susceptibility to infection from organisms 
introduced at operation or from the blood stream, and retardation of healing. 
The one point in common with the nonabsorbable suture materials which were 
used as a basis of comparison with the catgut, is that no extraneous irritant 
could be carried into the tissues with silk, cotton, or alloy wire because these 
are simply heat sterilized in the autoclave and then prepared for use at the 
operating table. Surgical gut. however, has customarily been provided in 
glass tubes, with either an anhydrous hydrocarbon liquid for boilable gut or 
an alcoholic solution for nonboilable gut. The anhydrous boilable tubing 
fluids have generally been xylene although in some instances may have been 
toluene. The alcoholic solutions of numerous products have been found to 
contain appreciable quantities of a hydrocarbon which is undoubtedly a 
residuum from the heat sterilization process which was not removed during 
the process of manufacture before the alcoholic solution was added and the 
tube sealed. Here, we have a common factor for the catgut, regardless of 
whether it was boilable or nonboilable, which is the irritant hydrocarbon in 
the tubing fluid which our studies have demonstrated. In view of our ob- 
servations presented in this paper, it would appear that a fairly substantial 
part of the tissue irritation which these many observers have felt was char- 
acteristic of catgut when comparisons were made with the nonabsorbable 
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materials may be due to the irritant hydrocarbon carried into the tissues with 
the gut. The presence of alcohol in the gut from nonboilable tubing fluid or 
from dipping boilable gut in 70 per cent alcohol to induce pliability, un- 
doubtedly, contributes in part to the tissue irritation. It is our opinion that 
the action of alcohol is of secondary importance but not necessarily negligible. 

The various reports on the use of nonabsorbable material as compared with 
surgical gut must be further evaluated, of course, from the standpoint of 
size of suture material as well as the operative technic to arrive at a fair 
basis of comparison. Howes and Harvey,”" in their extensive work on wound 
healing and suture material, have long stressed the importance of minimizing 
the bulk of suture material in wounds closed with catgut by resorting to the 
smaller sizes which they demonstrated to have adequate tensile strength in 
comparison with the strength of the tissues approximated. Their work has 
stimulated many surgeons to utilize a more meticulous technic, using rela- 
tively smaller sizes of catgut. which has resulted in a considerable improve- 
ment in clinical results with absorbable suture material. The minimizing of 
the bulk of suture material will, of course, decrease the amount of hydro- 
carbon introduced into the wound but would not eliminate this irritant factor. 
Dunphy and Botsford, in their comparative series of cases, where the catgut 
was used in relatively small sizes, by meticulous technic, found that there 
was still an appreciable ditference between the silk and catgut series. 

Kraissle,”! in his review of suture material, brought up the point of chem- 
ical irritants in the catgut which may contribute to tissue irritation, such as 
the liberation of chromium: however, in a subsequent personal communica- 
tion he was of the opinion that xvlene tubing fluid may account for the tissue 
irritation observed with boilable catgut. 

Furthermore, we believe that most of the excessive tissue reactions en- 
countered in the previous work on the Absorption of Surgical Gut can be 
accounted for to a large extent by the irritant hydrocarbon factor of the 
tubing fluid. In reviewing the records of this work, it was found that the 
photomicrographs which portrayed the least evidence of polymorphonuclear 
leukocytic response of the tissues to the chromic catgut implants were from 
those products which were relatively free from irritant hydrocarbon in the 
tubing fluid according to tests carried out on tubes of catgut left over from 
these experiments. Also, it was found that those products which were char- 
acterized by excessive exudate and profuse polymorphonuclear leukocytic in- 
vasion of surrounding tissues, generally, had a high hydrocarbon content of 
the tubing fluid. Furthermore, some of the boilable products which were 
tested during this work but which were not reported in detail because the 
tissue reaction was so excessive that it was believed that some error in technic 
had occurred, undoubtedly derived their irritant properties from the xylene 
tubing fluid. In some of these tests the entire abdominal wall was edematous, 
and the sinus tract where the catgut implant was located had the appearance 
of having been seared by a cautery. Cultures of the exudate were usually 
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sterile. This chromic catgut usually disintegrated into shreds within a week 
or ten days. 

In analyzing the action of the hydrocarbon in the tissues, it 1s probable 
that the excessive polymorphonuclear leukocytic response elicited by the ir- 
ritant hydrocarbon contributes to a more rapid onset of the absorption mech- 
anism. In the previous study, it was found that catgut was especially vul- 
nerable to leukocytes. Wherever there was an excessive leukocytic response 
the catgut was generally rapidly absorbed, whereas catgut, which did not 
elicit an excessive leukocytic response, was generally absorbed over a long 
period of time by macrophages. On the basis of such observations, it was 
believed that there were two fundamental mechanisms of absorption—the 
leukocytic mechanism of rapid absorption; and the macrophage mechanism 
of slow absorption. The former was associated with extensive evidence of 
tissue irritation, the latter with minimal irritation. 

It is probable, therefore, that the extraneous tubing fluid irritants induce 
a polymorphonuclear leukocytic response which hastens the onset of the 
mechanism of absorption. Once this leukocytic mechanism of absorption has 
started to break down the catgut it is not unlikely that the products of break- 
down may further act as irritants to the tissues so that the irritation inaugu- 
rated by the tubing fluid may be enhanced or prolonged. The combination 
of these two factors may be important in the tissue irritation which has 
heen observed with catgut. The elimination of the hydrocarbon irritant from 
the tubing fluid of chromic catgut is an important factor in obtaining relatively 
slow absorption by a predominantly macrophage mechanism, which is the 
characteristic tissue response to relatively inert foreign material. Even ex- 
tensive chromicising will not protect the gut from the attack of an irritant 
induced leukocytic response, which then breaks down the catgut by the rapid 
absorption mechanism instead of by slow absorption. Therefore, chromic 
catgut which may be adequately chromicised by ordinary standards may 
undergo rapid loss of tensile strength and complete absorption before it has 
served its function of approximating tissues until strength from healing occurs 
if there is an extraneous irritant factor from the tubing fluid. 

It was of considerable interest to find that the exudate which was for- 
merly characteristic of many of the plain catgut implants was substantially 
minimized when these same products were subjected to thorough washing 
procedures. Plain catgut is more vulnerable to leukocytic absorption, and it 
is probable that a much smaller amount of irritant is required to induce the 
rapid absorption mechanism for plain catgut than obtains with chromic catgut. 


SUMMARY 

1. Weighing experiments have demonstrated that one to two per cent of 
the weight of boilable surgical gut was lost over a period of one to five days 
in a vacuum desiccator after elimination of the xylene tubing fluid on the 
surface of the gut. This weight loss probably represented the amount of 
xylene contained within the strand of gut. It is very doubtful that the usual 
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operating room procedures for inducing pliability of the boilable catgut, such 
as dipping in water or saline or 7o per cent alcohol would eliminate the 
xylene within the strand. Similar weighing experiments on nonboilable sur- 
gical gut have demonstrated that 18 ‘per cent loss of weight occurred over a 
period of one to three days after removal of the catgut from alcoholic tubing 
fluid and subjecting the strand to stretching, as is customary in the operating 
room after removing the gut from the tube. In view of the observations 
previously reported by us, and Sidwell, that as much as five to ten per cent, 
or more, of the alcoholic tubing fluid may be composed of a high boiling range 
hydrocarbon it is assumed that the weight loss would aecount for a propor- 
tionate amount of this hydrocarbon. This would imply the presence of 0.9 
to 1.8 per cent by weight of hydrocarbon in the catgut strand, which is com- 
parable to the amount of xylene accounted for in the boilable gut. 

2. Intradermal injection experiments in dogs and patients have demon- 
strated that 1 per cent, 0.5 per cent, and even 0.1 per cent emulsions of xylene 
or hi-flash solvent in saline will produce inflammatory lesions which are char- 
acterized by an initial capillary dilatation, edema, and subsequent leukocytic 
infiltration. These concentrations represented the injection of 0.43 mg., 
0.215 mg., and 0.043 mg., respectively, of the hydrocarbons. 

3. In correlating the weighing experiments with the injection tests, it would 
appear that the saline injections with one per cent hydrocarbon are com- 
parable to the minimum concentration of hydrocarbon which was believed to 
exist in the gut under the conditions described. From the standpoint of 
actual amount of hydrocarbon, it should be pointed out that the intradermal 
injection of 0.043 mg. of xylene or hi-flash solvent was capable of producing 
an inflammatory lesion in the skin and that a single ligature of No. 1-size of 
catgut may contain more than twice this amount of hydrocarbon. 

4. Implantation tests of surgical gut in the abdominal muscles of dogs 
demonstrate that the conspicuous tissue reactions which have been previously 
observed by us, and others, in the use of catgut may be substantially reduced 
if the catgut is thoroughly washed in 95 per cent ethyl alcohol and subse- 
quently dried or washed in saline. This procedure did not always eliminate 
microscopic evidence of irritation, especially in such products as had a high 
hydrocarbon content of the tubing fluid. Elaborate washing procedures, how- 
ever, are not recommended for preparation of catgut in the operating room. 


CONCLUSIONS 

1. The amount of irritant water-insoluble hydrocarbon from tubing fluids. 
which in ordinary operating room technic may be carried into the tissues 
along with surgical gut, is adequate to explain a substantial part of such tissue 
irritation as has generally been attributed to properties of the catgut per se. 
The presence of alcohol in the gut from nonboilable tubing fluid or from 
washing procedures for boilable gut probably contributes in part to such 
irritation. 

2. From the standpoint of obtaining optimum wound healing in surgery, 
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it is obvious that the introduction of tubing fluid irritants into the tissues 
along with suture material is not in the best interests of the patient or the 


surgeon, 
3. The elimination of tubing fluid irritants from surgical gut should result 
in generally better clinical results with the use of absorbable suture material. 


Appreciation is expressed to Lillian Eichelberger, Ph.D., of the Dept. of Medicine 
for her cooperation in carrying out the weighing experiments. 
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SURGICAL PRINCIPLES OPPOSED TO “RULE-OF-THUMB” 
IN THE TREATMENT OF COMPOUND FRACTURES* 
Ciuay Ray Murray, M.D. 

New York, N. Y. 


THE TREATMENT OF WOUNDS embraces a large part of the horizon of 
surgical interests at the present time. This, naturally, has been productive 
vf marked increase in the number and range of investigative activities on the 
subject of compound fracture treatment. In studying the prolific literature 
in this field covering the last year or two, one is struck by the predominance 
of statistical analyses based on the effect of single factors in treatment. From 
the statistical side, some of the work has been very accurately, con- 
scientiously and painstakingly done, with conclusions based on what mathe- 
maticians term “statistically significant figures.” The punch-card system of 
analysis has been a great aid in the gathering of such actuarial figures. These 
may accurately indicate the percentage chance which a wound has of escaping 
infection under the routine use in a consecutive series of cases of a given 
procedure or a given combination of procedures. On the other hand, such 
data are of very doubtful value as criteria for the treatment of any given 
patient. Moreover, I feel moved to question seriously the wisdom of attempts 
to establish procedures for routine application in the treatment of com- 
pound fractures. No matter how sound the statistical basis for the conclusions 
drawn as to the percentage of success which may be expected from the 
routine employment of a given therapeutic procedure in a large serics of cases, 
the adoption of that procedure as a routine automatically dooms to failure, 
from the outset, a certain percentage of them. To make such data of 
clinical value in the treatment of the mdividual case, it 1s of vital importance 
that we know when not to follow a procedure which is ordinarily successful. 
In other words, it is essential that we employ no procedure which has a 
percentage of failures as a routine, but that we establish criteria enabling us 
to judge as to when its use is sound or unsound, in order to eliminate, insofar 
as possible, the failures inherent in the use of a routine procedure. This 
cannot, unfortunately, be based upon the study of individual factors. Every 
compound fracture presents a closely knit combination of a large number of 
factors which must be considered, so to speak, as a word, not as a group of 
letters. A given group of letters can give a great many different answers in 
the way of words dependent upon the arrangement and relationship of the 
letters. Our interest must be in what the letters spell as much as in what 
they are. The possible combinations of the large number of factors en- 
countered in the treatment of compound fractures are numerous and widely 
varied. If all the permutations of such combinations could be accurately 
plotted, with an indicated course of procedure for each permutation, there 
would be no need for such things as surgical judgment or surgical principles. 


* Read before the American Surgical Association, May 13-14, 1043, Cincinnati, Ohio. 
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We could then have rules for treatment. I have no doubt that this might 
be a mathematical problem capable of solution ; but it would entail a statistical 
study somewhat astronomic in proportions and bewildering in its complexity. 

I have no doubt that at least some of the studies being made on the effects 
of individual factors in treatment are planned as preliminaries to studies of 
the effects of various combinations of factors and on the interrelationships 
of those factors. This tends to lead to the weltering complexity of statistical 
study suggested above. Unfortunately, and I am certain, contrary to the 
desires of some of those making such preliminary studies, the statistical 
data to date are being too generally interpreted in terms of rules for action. 
When a statistical study of the results of wound closure in compound frac- 
ures is announced showing that, in a given series, a higher morbidity to infec- 
tion was observed in those left open than in those closed, the popular interpre- 
tation is apt to be in terms of the dictum “close your compound wounds.” The 
statistical results in a series may continue to be favorable following such 
a rule, but the results to certain individuals in the series are disastrous, 
although it may well be that the author had neither the intention nor desire 
to have his statistics so interpreted. Similar rather general false interpretations, 
for instance, have resulted from statistically accurate findings that extensively 
“debrided” wounds show a higher morbidity to infection than do those 
minimally “débrided,” and that wounds in which extensive or prolonged 
lavage has been used show a higher rate of infection than do those in which 
little or no lavage has been used. Another way of interpreting such findings 
might be, perhaps, that wounds of such character and extent as to call for 
extensive debridement and lavage are apt to show a higher morbidity to 
infection than those not requiring such treatment. This, of course, is quite 
a different viewpoint. 

Have we any criteria, apart from statistical studies, on which to base 
the procedures to be used in the individual case, and are those criteria a 
sounder basis for the treatment of the individual than such statistical data 
as we have indicated above? I believe the answer to both questions is in 
the affirmative, and that the criteria are what are known as surgical principles, 
and that the role of statistical study should be principally to analyze the 
failures of any given procedure from the standpoint of what surgical principles 
were violated in the use of the procedure in those cases. If our accepted 
surgical principles are wrong, we should abandon them, and should evolve and 
adopt other criteria which permit us to decide as to what is the best thing to do 
for the problem presented by the individual patient, rather than criteria 
which determine what procedure can be used in a large series of cases with 
the least number of preordained individual failures. 

I believe that a logical analysis of the whole problem allows us to establish 
relatively simple criteria on the basis of which we can decide in the individual 
case what procedures should be used, and how they should be used. Such 
an analysis is no more than a review of established surgical principles and 
standards and their bases. Of this I am well aware, but it appears to me 
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not only timely, but a sober and steadying influence which may not be amiss. 
It should embrace discussion of : 


1. The problem presented by a compound fracture. 

2. The necessity for regarding the wound and the fracture as parts of 
of the same problem. 

3. The necessity for dealing with both these problems simultaneously 
at all times. 

4. What it is desired to accomplish for the wound and for the fracture 
by the procedures employed. 

5. The basis for decision as to procedures to be employed in any indi- 
vidual case. 

6. The procedure now in common use or advised for common use from 
the standpoint of the accomplishment of treatment aims. 


1—THE PROBLEM PRESENTED BY A COMPOUND FRACTURE 

This may be very simply stated in broad terms. The problem is that 
of preventing the translation of contamination into clinical infection if possible ; 
the minimizing of the damage done by infection if it develops; the healing 
of the damaged tissues in as short a time as possible with a minimum of 
residual tissue disability and deformity. All the indications for therapy 
to bone and soft parts are contained in this statement. 


2--THE NECESSITY FOR REGARDING THE WOUND AND THE FRACTURE AS PARTS 
OF THE SAME PROBLEM 

This is a vital viewpoint in the formulating of sound principles for treat- 
ment in compound fractures. There is often a distinct tendency to regard 
the wound of the soft parts and the wound of the bone as different problems 
requiring separate consideration. Nothing could be more deterrent to sound 
and logical consideration of treatment. The soft part lesion cannot be treated 
as one entity in accordance with certain principles and standards, and the 
hone lesion as another and separate entity involving the employment of 
different principles and standards. This is true whether considering the 
problem from the standpoint of infection, of wound healing, or of residual 
disability or deformity. 


3—-THE NECESSITY FOR DEALING WITH BOTH THESE PROBLEMS SIMULTANEOUSLY 
AT ALL TIMES 

It is essential at all times to regard what is being done as being done for 
the whole wound and to view each procedure used from the standpoint of 
its effect in meeting the general problem in both bone and soft parts. The 
viewpoint that our first or major consideration should be the question of 
infection in the soft parts may lead to deplorable results in the bone lesion. 
The viewpoint that the accurate reduction of the fracture is the essential 
feature of treatment may lead to regrettable soft part complications. The 
realization that the treatment of both bone and soft parts is based on the 
simultaneous application of ‘the same principles to both lesions at all times 
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leads to a minimum of residual damage in both. This essential viewpoint 
is brought out in the discussion of procedures which follows. 


4—WHAT IT IS DESIRED TO ACCOMPLISH FOR THE WOUND AND FOR THE FRACTURE 


BY THE PROCEDURES EMPLOYED 

This is, in effect, the answer to the question: “How do we attempt to 
meet the problem stated under 1, above?” We may express our desires 
and the reasons for them as follows. 

If the Lesion is in the Stage of Contamination: 

a. For obvious reasons, to remove as much of the contamination as 
possible, and to add as litt!e as possible. We must realize that we cannot 
remove all contaminating organisms, and that the tissues have to deal with 
those left behind. 

b. To remove as much dead and obviously devitalized tissue as possible 
with as little additional damage as possible. Dead and devitalized tissue 
acts as a culture medium to furnish pabulum for the organisms left behind. 
Through the local accumulation of products of its autolysis it is a definite 
handicap to the biochemical progress of bony healing in fracture. Primary 
fracture healing must be conceived of as taking place in the tissue immediately 
surrounding the fracture rather than from bone-end to bone-end, and optimum 
conditions for primary fracture healing demand the presence of living vascular 
tissue for the production of the undifferentiated connective tissue about the 
fracture site which is the medium for so-called primary callus formation. 
From the standpoint, then, of both wound and fracture healing, as well as 
from the standpoint of minimizing the chances of translation of contamination 


into infection, the elimination of dead and devitalized tissue insofar as is 
possible is a sound desideratum. 

c. The elimination insofar as possible of dead spaces within the wound. 
This is a principle accepted ds sound in all other surgical procedure. It should 
be sound here. It involves not only the surgical exposure and elimination 
of dead spaces where indicated but also particularly meticulous hemostasis— 
the approach to a dry wound—to obviate the creation of dead space con- 
taining pabulum for bacteria by the formation of subsequent hematomata. As 
adequate a reduction of the fracture as is possible is an obvious corollary of 
this principle, if it be sound. 

d. As adequate and accurate a closure of the wound as is possible without 
the creation of tension within it at the time of closure or subsequent to the 
time of closure. The closure we desire to shorten the healing time, to 
minimize the subsequent scarring and deformity, and to minimize the 
opportunity for subsequent additional contamination of the wound. The 
principle applies to the closure of the bone portion of the wound—+.e., frac- 
ture reduction—as positively as it does to the soft part of the wound. We 
desire to avoid tissue tension because we believe that its existence leads to 
impaired wound healing, and to impairment of the tissues’ ability to deal 
with the organisms still remaining in them. In addition, tension in the soft 
parts surrounding the hone seriously impairs the minute circulation therein— 
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the circulation of the fluids in the tissue spaces, the lymphatics, and the 
ultimate capillaries. It is this circulation which is of such vital importance in 
restoring, after injury, the biochemical status in the tissue fluids which is 
essential to the deposition of calcium in the healing tissue about bone to form 
callus. From the dual standpoint, then, of preventing the translation of 
contamination into infection and of promoting bone and soft-part healing, 
the development of tension within the tissues of the wound must be prevented 
at all times. From this standpoint, the accuracy of reduction of the fracture 
itselfi—t.e., the closing of the bone wound—must be considered from the 
standpoint of the degree of violence necessary to attain complete and accurate 
reduction in terms of resultant tissue damage, inflammatory reactioa, and 
resultant tension within the tissues. Complete fracture reduction, simultan- 
eously with complete wound closure, is ideal and desirable. The real question 
to be answeréd in the individual case is to what degree is it wise and safe. 

e. Rest of the wound until the risk of translation of contamination 
into infection has been passed, and until the healing of the wound has been 
adequately initiated. This applies, if the principle be sound, equally to both 
soft parts and bone as part of the same problem, although chronologically 
the answers to the two are different. Rest of the noninfected wound in the 
soft parts until healing is adequately initiated is a question of days. Rest 
of the noninfected wound in the bone, on the same basis, is a question of 
weeks. The necessity for contaminated bone and soft-part wound rest, until 
the period of infection risk is passed and until healing in each is adequately 
initiated, is absolute. The ideal treatment would allow of functional activity 
of the soft parts and bone, if possible, simultaneously at the early date. It is 
possible by some methods of treatment for the bone wound to accomplish an 
approach to this ideal. To be safe and successful they must maintain rigid 
fixation of the bone fragments—i.c., bone wound rest—until the healing of the 
bone wound is safely established —j.e., until callus formation is adequate to 
maintain the edges of the bone wound from separating—while functional 
activity of the extremity is being carried out. Rigidity of fixation of the bone 
fragments in compound fractures, because of this factor, is even more 
important than in the simple fracture. JT am certain that mobility at the 
fracture site is a potent factor in determining whether or not contamination 
in compound wounds is translated into infection and whether or not the bone 
is involved seriously if infection does develop. 

If the Lesion is in the Stage of Infection: 

Treatment of these wounds is on an entirely different basis from that 
governing the treatment of contaminated wounds. The surgical principles 
underlying the treatment of infection are to provide adequate drainage with 
the elimination of pocketing ; to remove any foreign material present ; to avoid 
opening up channels for spread of infection; to provide rest for the wound 
until the infection is adequately controlled; and to provide the patient with 
whatever aid we can to enable his tissues to control it. These principles 
again apply equally to soft-part wound and to bone wound, and, obviously 
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and grossly, modify our procedure. No question here of débridement as 
hereinafter defined, no question of closure. 


5—THE BASIS FOR DECISION AS TO PROCEDURES TO BE EMPLOYED IN ANY 
INDIVIDUAL CASE 

a. Is the case contaminated or infected? In some respects this is a 
good deal like asking the question : “How long is a piece of string?.” How- 
ever, there are certain definite things one can say. In the first place, all 
compound fractures are either one or the other, whether the compounding has 
occurred from within or from without. If they are considered contaminated 
they should be treated as coitatiunated cases. If they are considered infected 
they should be treated as infected cases. Too often, the procedure adopted 
attempts to split the difference, or the wound is considered neither infected 
nor contaminated—a dangerous attitude to assume. The extent of the 
procedure followed must be influenced by a number of factors. The number 
of hours elapsed between time of injury and time of wound treatment is by 
itself an inadequate criterion as to the probable status of the wound. The 
circumstances under which the wound was received (to include the locale, 
possible types of contamination, the probable habitual condition of cleanliness 
of the patient’s skin and clothing covering the wounded region); the type 
and severity of the violence and the amount of tissue damage present beneath 
the skin and subcutaneous tissue rather than the size of the skin wound; 
the adequacy and promptness of the first aid treatment accorded both  soft- 
part and bone wounds; all these must be considered in addition to the actual 
lapse of time in deciding the question in terms of wound pathology. 

Each of the possible combinations of these various factors has a different 
significance in determining whether or not the lesion should be viewed 
as contaminated or as infected, and, therefore, as to what principles should 
be followed in handling it. 

The amount of tissue removal to be practiced in a given contaminated 
case must be determined by not only the amount of tissue damage present, but 
by the nature of the damaged tissue and the potential disabilities or risks 
occasioned by its removal, the amount of gross contamination present, 
the press of time by reason of the patient’s condition, or by reason of other 
factors at times encountered—particularly in military surgery—and by the 
region of the body involved. Upper and lower extremity wounds differ re- 
markably and radically in respect to healing characteristics and morbidity 
to infection, although all other factors involved may be apparently identical. 

The extent to which the wound may have to be extended will be governed 
by the size and location of dead spaces, by the evidence of tissue damage and 
contamination, by the necessities of adequate hemostasis, and by the dif- 
ficulties to be encountered in wound closure. 

The necessity for cleansing, but nonirritating lavage of the wound, and 
the amount of such lavage, will be governed by the size of the wound, by 
the amount of gross contamination originally present, and that, of necessity, 
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left behind after tissue removal, by the presence or absence of foreign bodies 
within the tissues, by the number of clots encountered and by evidence of 
contamination having been carried into the depths of the wound. 

The degree of accuracy of reduction of the fracture, and the method 
employed in attaining it, must be governed by the nature and location of 
the bone injury, by the time available for the procedure, by the amount 
and significance of the additional trauma inflicted and by the equipment 
and assistance available for carrying it out. The method to be employed in 
the individual case is that method which, under all the particular circum- 
stances, will come nearest to an ideal of “wishing’’ the fragments into satis- 
factory position. And no matter what method is used, it must be employed 
with this object in mind and not merely with the object of restoring bony 
anatomy as evidenced roentgenologically. This is the closure of the bone 
wound, and it should be governed by precisely the same principles as closure 
of the soft-part wound. 

The closure of the soft-part wound must be governed by evidence of the 
creation of tension at the time of closure, the creation of tension later by 
reason of inflammatory swelling in the tissues, the degree of hemostasis 
obtainable at the time of closure and immediately thereafter by pressure 
dressings, etc., the degree and type of contamination present originally and 
after wound toilet, the amount of dead and devitalized tissue left in the 
wound, the presence or absence of foreign bodies and the necessity or 
advisability for coverage of structures which, uncovered, do badly (such as 
tendons, nerves, periosteum stripped of soft parts, and the actual site of 
fracture). Lxposed periosteum, stripped of soft-part attachment or cover- 
age, acts much like exposed tendon. 

The degree and extent of time to which rest of the soft-part portion of 
the wound must be employed is dependent upon local circulatory factors, 
on the degree of healing necessary to permit functional activity of the 
particular soft parts involved and on the tension to which that  soft-part 
healing is subject by reason of difficulties of closure, rather than by the length 
of the wound, in addition to the time necessary to be reasonably certain that 
the contamination left in the wound has not been translated into infection. 
The fact that wounds heal from side-to-side and not from end-to-end, is of 
importance in this respect. The degree and extent to which rest of the bone 
portion of the wound must be enforced by immobilization of the whole 
portion of the body involved is dependent upon the availability of equip- 
ment and skill for the carrying out of the various methods employed. In 
general, that method is most advantageous which allows of the greatest degree 
of voluntary muscular activity without endangering the rigidity of fixation 
of the bone fragments at the fracture site. The healing of the fracture site 
is the bone wound healing, and the wound edges must be kept at rest until 
the healing is sufficiently established to stand the strain of functional activity. 
On the other hand, there is no question but that voluntary activity of the 
muscles of the part is a potent factor in determining the probability and 
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speed of progress of bone healing, provided the bone fragments are at rest. 

In the employment of any method, then, one must aim at securing the 

maximum of voluntary muscular activity consistent with rigidity of the 

fragments at the fracture site—no more and no less. 

6—THE PROCEDURES NOW IN COMMON USE OR ADVISED FOR COMMON USE FROM 
THE STANDPOINT OF THE ACCOMPLISHMENT OF TREATMENT AIMS 

Emergency or First Aid Treatment: 

To properly aid in the carrying out of sound principles of treatment this 
should be applied as soon after injury as possible without adding to, or 
more widely distributing, the wound contamination already present and 
should protect the wound from further contamination and should control 
hemorrhage. It should render and keep the injured soft parts and bone as 
quiet as possible until definitive treatment is undertaken, and should inflict as 
little additional trauma as is possible. Abstinence from washing about the 
wound or the use of antiseptics as first aid measures is indicated. The prompt 
covering of the wound with adequately protective sterile dressings, of the 
pressure dressing type if necessary to control hemorrhage, is indicated. 
Tourniquets are contraindicated unless pressure dressings fail to control bleed- 
ing. As extensive immobilization as possible, preferably with the em- 
ployment of constant fixed traction, is indicated. As regards the prophy- 
lactic use of chemotherapy, locally and by mouth, there would seem to be 
certainly no contraindication provided that if used locally in the wound it 1s 
as a thin film rather than in large masses and provided that by either mode of 
administration it is not relied upon to make it safe to delay definitive wound 
treatment. By the at present available data, chemotherapy must be used as a 
hope in the event of unavoidable delay, and as a hope in the attempt to 
prevent local or general sepsis. It must, as vet, be regarded as an adjuvant 
to surgery, and not as a substitute for it. 1 do not believe its use warrants 
the abandonment, in any respect, of what have, up to now, been considered 
sound surgical principles or of the procedures properly employed to carry 
out those principles. 

The Employment and Character of Wound Débridement or Wound 
Drainage: 

I must preface my discussion of this point with an apology to purists 
for my use of the term “débridement” in describing what I have in mind. 
I am aware that the term in its strict and literal sense does not embrace all 
that I use it to describe. By débridement I mean the removal of dead, 
devitalized and contaminated tissue from a contaminated wound, with the 
elimination of dead spaces and foreign bodies within the wound. To be 
justified, débridement must be undertaken for a contaminated wound, and 
it must remove as much of the affected tissue as possible and eliminate 
dead spaces and foreign bodies, in keeping with the principles previously 
stated. A so-called débridement which does not accomplish this, or one which 
distributes contamination more widely which removes clean and viable tissue 
which inflicts an appreciable amount of damage in the doing or which 
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creates dead spaces within the wound, is insult added to injury. It is not good 
surgery. In an infected wound, as gauged by the probabilities evaluated 
heretofore, drainage should be adequate for the infected area, preferably 
dependent, should attempt no removal of tissue other than surface contamina- 
tion, and should remove foreign bodies, when possible. Invasion of sound 
tissue violates principles. 

Lavage of the wound should have for its purpose removal of contamination 
from the wound. To accomplish this it must proceed from the base of the 
well-retracted wound, with sufficient head to give a visible and forceful flow 
from the depths outward. The amount of saline used (and saline is adequate ) 
is far less important than the rate and force of flow. A lavage so conducted 
that the fluid lakes in the wound, with little if any force of flow, serves 
probably to generally distribute what contamination is present. It is obviously 
not carrying out the principle involved. One might make the comparison 
between the cleansing effects of a tub bath and of a shower. In a tub 
hath the individual laves all parts of his body in the contamination from 
all other parts; in a shower he washes the contamination from his body. 
Lavage of a wound should have the effect of a shower from within, not 
of a tub bath. 

Local chemotherapy following this wound toilet must be subject to the 
same restrictions as mentioned in discussing its prophylactic employment. 
I do not believe there is, at present, justification for altering the surgical 
criteria for wound closure in any respect because of the use of chemotherapy 
on the basis of the data now available. Systemic chemotherapy is justified, 
but only on the same basis, with the added warning that severe kidney and 
liver damage can result not only from overdosage, but from extremely 
moderate and short-lived dosage in susceptible individuals. 

Wound Closure—Soft Part: 

No one can deny the advantages of a closed wound over an open one 
from the standpoint of wound healing time and character, the minimizing 
of secondary contamination, and from the standpoint of aid in the bone 
healing process. Tension, at the time of closure, or later, is a definite threat, 
however, which may far outweigh these advantages. The degree of tension 
to be risked must be based upon an evaluation of the various factors listed 
under the principles involved in wound closure as present in the individual 
case. The use of releasing incisions, of flaps, and other plastics must be 
considered. and may be of advantage in securing closure without tension. 
The use of elevation and of pressure dressings may be of distinct aid in 
preventing intratissue tension during the inflammatory reaction in the 
subsequent days. When, however, primary closure entails-a degree of tension 
which, in the individual case, is a definitely recognized, or even probable, 
risk, I feel strongly that it requires considerable justification. The placing 
of untied sutures with a view to a delayed closure guided by the same 
principles when, and if, the wound has proven clean, or no closure at all is, 
I helieve, a safer and sounder practice, more in keeping with surgical principles. 
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Wound Closure—Bone; 
The bone wound should be closed 
—at the time of soft-part wound closure. It should be accomplished to the 
maximum degree possible without violating the principles laid down pre- 
viously, and by the method which under the circumstances of equipment and 
personal skill is apt to inflict the least damage commensurate with reduction 
adequate for the part involved. It is unsound thinking to label one method 
as universally preferable to another. Familiarity with all the potentialities 
of a theoretically inferior method combined with the skill and armamentarium 
adequate to translate those potentialities into fact are far more important 
factors than the theoretic excellence of a method in the absence of similar 
familiarity, skill, and adequate armamentarium, in deciding the method to be 
employed in carrying out fracture reduction that is sound in principle. The 
essential thing is that no matter what the method used, it must be used to its 
maximum efficiency in putting those principles into practice. 

The same commentary holds true as to the methods to be considered for 
giving rest to the bone wound—fracture fixation or immobilization. No matter 
what the method used, it should be employed so as to exert, to the maximum, 
its potentialities in giving rigid fixation or rest to the fracture site, or bone 
wound, until the bone healing process is capable of functional strain, and it 
should employ, ta the maximum degree possible, voluntary muscular activity 
as soon as fear of translation of contamination into infection has passed and 
the soft-part wound healing is capable of standing the strain of functional 
activity. 

Time does not permit of the detailed evaluation of the various methods of 
fracture reduction and fixation from the standpoint of their mutual theoretic 
advantages and disadvantages. That they, one and all, should be used to 
carry out, to the greatest degree possible, definite principles, is the essential 
feature for the successful use of any of them. 


that is, the fracture should be reduced 


Discusston.—Dr. FRANK L. MELENEY (New York): Doctor Murray has obviously 
directed his criticism at the statistical study of contaminated wounds, the results of 
which have been reported (ANNALS OF SuRGERY, 118, 305, August, 1943). If one goes 
about trying to prove something by means of statistics, I admit that figures can be distorted 
so as to simulate proof but if one goes about trying to find out something, statistics may 
be of real value. This we have tried to do. 

Statistics so studied are more likely to bring out and support principles than they 
are to lay down “rules-of-thumb.” “Rules-of-thumb” are characterized by having no 
weights or measures. They are what a cook uses to bake a cake, and a good cook can 
make a good cake, and a bad cook, a very bad cake by “rules-of-thumb.” But that is 
precisely what statistics are not. Summary sheets which attempt to cover all of the 
factors involved in a, given problem permit more or less precise measurement of these 
factors, and punch-cards which permit cross tabulations permit an evaluation of the 
relative importance of the various factors involved. Figures so obtained must then be 
subjected to the formulae of the biostatisticians in order to rule out the element of chance. 

Under these circumstances, if statistically significant figures are obtained which 
seem to conflict with a principle, we must study the matter carefully to find out if it 
was really a principle or a preconceived notion. 
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Doctor Murray has been a student of fractures for many years and has worked 
out certain principles for their treatment which I will not question. But during the past 
year, while he has been directing one of our units studying compound fractures, he has 
seen more compound fractures than in all of the ten years preceding. And I know, 
for a fact, that he has modified some of his methods of treatment, and I believe he 
has modified some of his ideas about them, perhaps not as a result of our figures as 
much as the result of his own experience. If he had not learned something during the past 
year I would have questioned the elasticity of his cerebral arteries. 

"Tt is a duplex if not a complex problem. It combines the problem of the healing 
of the bone and the problem of healing of damaged soft parts in the presence of bacterial 
contamination, the nature and extent of which the surgeon does not know when the 
case comes to his hand. The sooner he does know that, the better will he be able 
to evaluate the possibility of his attaining his purpose of getting bony union and soft 
part function and of preventing infection. The underlying principles directing the 
surgeon to accomplish the desired end-result with regard to healing of the bone and 
the free movement of surrounding muscles and neighboring joints may be in conflict with 
the principles underlying the prevention or treatment of infection. Frequently it is 
necessary to compromise one principle to gain the other. For example, to get good 
alignment and approximation of bone ends it is important to preserve as much of the 
bone as possible. However, badly contaminated bone ends or detached fragments may 
be retained when, from the point of view of infection, the contaminated bone and 
loose fragments should be removed. Similarly, the insertion of a foreign body, like 
a metal plate and firmly driven screws, may immobilize the bone fragments but carry 
organisms deeply into the bone and cause necrosis of bone around screw-holes or next 
to the plate. There is always some bone necrosis around skeletal traction wires or pins 
or skeletal fixation pins, and necrotic tissue is a fertile soil in which infecting organisms 
may gain a foothold. The desire to obtain early function of surrounding muscles and 
joints may urge early motion when, from an infection standpoint, immobilization of 
both joints and muscles would seem to be indicated. 

Recently, another factor has come in which must be considered and evaluated, namely, 
chemotherapy. That may involve a conflict of principles. The new drugs may inhibit 
bacterial activity and, at the same time, interfere with wound healings, act as foreign 
bodies, or change the metabolism of the tissues so as to materially delay bony union. 

It is only by studying the cases as a whole as well as individual cases, trying to 
measure and weigh as accurately as possible the result and the effect of these new 
agents of treatment, that we can gain knowledge which will further improve our 
results in this interesting and complicated field of surgery. 


Dr. Carvin M. Smytu, Jr. (Wynnewood, Pa.): It is a relief to hear somebody 
reemphasize the fact that general surgical principles have not been thrown out. of 
the window by the introduction of chemotherapeutic measures. 

Two years ago, before this Association, I had the privilege of discussing Dr. Philip 
Wilson's paper on compound fractures, and, at that time, I had occasion to say that 
we had been using the closed plaster encasement treatment of compound fractures for 
some fifteen years and that, while during the past two years we had introduced sulfa 
drugs into the wound in the treatment of compound fractures, we had failed to see any 
difference in the results that we obtained since the introduction of sulfa drugs over 
the results we obtained previously. 

I am glad to say that we have the courage of our convictions, and for the past 
year have introduced no sulfa drags into the wounds of compound fractures that 
were brought to definitive surgery within the time limits ordinarily accepted for 
débridement. 

I want to thank Doctor Murray for bringing this matter before the Association, 
and IT think that a few contributions of this sort will serve to prevent the treatment 
of compound fractures and wounds from being turned back seventy-five years. Cer- 
tainly there were heroes before Agamemnon, and heels before Achilles. 
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Dr. FrRAsER B. Gurp (Montreal, Canada): I want to support what Dr. Calvin 
Smyth has said in reference to the value of Doctor Murray’s contribution. I am not 
quite sure that seventy-five years regression might take place, but the unquestionable 
surgical principles must hold if we are to treat wounds in this war and ‘in industrial 
and road accidents, and during and following the war. 

At the risk of perhaps appearing to be facetious, I shall read over ten principles, 
as I see them, that make for adequate wound healing, whether such wounds be asso- 
ciated with fractures or not. They are all, as you will notice, based upon the letter 
“KE.” If any one of these features is not possible, difficulties are certain to rise later 
in the course of the individual case : 

(1) Early operation; (2) enlargement of the wound in order that interstitial 
tension may be overcome and prevented; that (3) exploration of the wound may be 
adequately carried out; that (4) extraction ot foreign bodies may be brought about; 
(5) excision of devitalized tissue may take place; (6) the exhibition of germicides and 
bacteriostatics; (7) the establishment of (curtain) drainage; (8) encapsulation of the 
part for the exclusion of secondary infection; (Q) efficient immobilization, whether that 
be by plaster or by other means; and (10) the elimination of frequent dressings. 


Dr. WittiAM Darracu (New York, N. Y.). { do not want to discuss principles 
and I do not want to discuss statistical methods. 1 du not want to discuss chemotherapy. 
1 would like to bring out what our main objectives cre in treating compound fractures. 

First and foremost, comes the saving of life. Second comes the eventual return 
of function to the highest possible degree. Thiri comes the cutting down of the 
period of disability. 

Ii we try to lay down flat rules, which will ve followed under all circumstances, 
we are lost and beaten at the start. I think day, with the problem brought to 
such great importance because of war condition:, the question of surgical judgment 
is brought into play much more than it is in civiian work. 

In civilian work, Albert Key, and a few other lucky men, can close all their 
compound fractures. Under battle conditions I think very few can. 

In applying surgical principles we have to use horse-sense and surgical experience 
to the nth degree. The multiple factors that enter into a decision, which must be 
made without bacteriologic evidence, because that is lacking at the time of the primary 
operation, require everything that we can put into it. 

Some of these factors are:- The condition of the patient at the time he was injured; 
the condition of his skin and the parts of his clothing; of the terrain; of the injuries 
associated with that compound fracture; with the time elapsed since his injury; 
the kind of the first-aid treatment he had, from the time he was hurt until he came 
into the operating room; the amount of immobilization he had during that time; and 
the amount of time that can be spent by the surgeon on that individual case, which 
will depend on whether the case comes to him in a quiet lull, when he can spend all 
the time he wants, or whether he is rushing through a large batch of wounded. 

Those are simply a few of the factors which must enter into the primary decision 
as to just what you are going to do at the time with that individual case. How are 
you going to save his life? How are you going to give him a serviceable leg or arm? 
How long is he going to be disabled ? 

I think unless we have something to fall back on, besides a flat “rule-of-thumb,” 
whereby we have to “use our beans,” we are not going to give these boys a square deal. 
For that reason, I think that if we can learn and understand, and then apply, with 
surgical judgment, fundamental principles, we will get farther than if we try to treat 
them all by some flat rule. 


Dr. Cray Ray Murray (New York, N. Y., closing): There is little to say in 
closing this discussion except to reply to some of the comments made. 

It is perfectly true, as Doctor Meleney has stated, that we have introduced some 
changes in procedure into our treatment of compound fractures at the Presbyterian 
Hospital since this study began. These changes were introduced in order to aid the 


316 


Volume 118 COMPOUND FRACTURES 

Number 2 

study and not because of change in our attitude. As a result of a year’s experience 
with those changes I am firmly convinced that the major ones were ill-founded and 
should be discontinued. 

As regards the use of chemotherapy it can be safely said that there has been, 
to date, no convincing evidence to prove that the introduction of chemotherapy into 
a compounding wound has exerted any influence on the morbidity of such wounds to 
infection. The original report of the cases at Pearl Harbor made strong claims m 
this regard, but subsequent developments in the same cases have cast a great deal of 
doubt on the validity of the original reports. 

On the other hand, there is no convincing proof that chemotherapy intelligently 
employed locally has done any harm to the patient. It has been claimed that local 
chemotherapy interferes with wound healing, but it is considered probable that ill 
effects on wound healing have, at least in many instances, been due to the use excessive 
amounts rather than to the action of the drug itself. Basing our opinion on the 
consensus rather than on the opinion of any one investigator we must conclude that 
there has been no conclusive evidence adduced to support the idea that local chemo- 
therapy is harmful. I can, therefore, see no objection to its use—in fact, I think it 
should be used. I think, however, that it should be used as a hope and not as a 
reliance, and most certainly not as a substitute for the adequate carrying out of sound 
surgical principles. 

Débridement, as the term is commonly understood, and lavage have been brought 
into serious criticism by some investigations. Débridement is designed to remove dead 
and devitalized tissue, to remove contamination, and to eliminate dead spaces in the 
wound. If done so as to carry out these purposes the procedure is sound. If, on the 
other hand, it is so carried out that infection is carried into the depths of the 
wound and extensive tissue damage is inflicted, it should not be done. Lavage of 
the wound has been criticized because statistical evidence seems to show that those 
wounds which are extensively lavaged have a higher rate of infection than those 
less extensively lavaged. 

This can be stated in quite a different way, as I have noted in the paper. There 
is, however, this additional point to be considered in lavage: The procedure is supposed 
to remove contamination, not to introduce it. In considering this factor, one might 
stress the comparison between a bath and a shower. When an individual takes a 
tub bath he merely assures himself of the fact that he has evenly distributed all over 
his hody the contamination present on any one part of his body. When he takes a 
shower, on the other hand, he washes from his body all contamination. If a wound 
lavage is done using a low head of pressure for the solution, so that the fluid stays 
laked in the wound for the most part, and if the tube introducing the fluid is placed in 
the superficial parts of the wound, the procedure mav introduce and distribute infection 

it is a wound tub bath. Tf the lavage is done with a soft rubber catheter carefully 
introduced to the depths of the wosnd and with a head of pressure sufficient to 
produce visible forceful and outward flow of the fluid, it removes contamination from 
the wound—‘t is a wound shower from within. 

T should like to say that the thoughts expressed by Doctor Darrach have heen 
considered in the paper as prepared for publication, not only in regard to the principles 
involved but in reference to the rationale bv which methods of treatment carry out 
these principles. The emphasis should he placed on the principles to be carried out 
rather than on the method by which they are carried out. The tendency is to place 
stress on the routine use of a method. A method of procedure which will produce 
satisfactory results in oo per cent of the cases on which it is routinely used excites 
in me the most heartfelt svmpathv for the unfortunate ten per cent who are doomed 
to failure from the beginning by the routine use of the method, and who are statistically 
insignificant. 
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THE MEDICAL TREATMENT OF 
HEMATOGENOUS OSTEOMYELITIS*: 
D. E. Rosertson, M.D. 


Toronto, CANADA 


THIS ACUTE DISEASE of childhood and adolescence and, infrequently, of 
adult life, is mainly due to staphylococcus or streptococcus. Of the two 


organisms, staphylococcus caused over 90 per cent of all cases in this and 
other series." The organism gains entrance to the blood stream through 
lesions of the skin, of the mucous membrane, or the tonsils. The blood 
becomes contaminated and the organisms are deposited in certain areas of the 
body. It has been shown experimentally that viscera, muscles and bones may 
develop abscesses. In bone the areas involved are the epiphysis, the met- 
aphysis, and the periosteum. There has been much work done to explain the 


occurrence of abscesses at these situations.*: 

A study of the autopsy records of patients dying of this disease shows the 
same distribution of abscesses as in the experimental animals dying of it 
(Table 1). The picture presented is that of a general infection. Heart, 


TABLE _I 


RESULTS OF AUTOPSY IN 51 CASES OF ACUTE OSTEOMYELITIS 


Acute pericarditis. . ~~ ae 
Acute pleurisy or empyema 
Abscesses or infarctions in lungs . "an 
Abscesses in kidneys... 


2 
7) 


Abscesses in myocardium 

Abscesses in thyroid gland 

Abscesses in prostate 
Abscesses in liver... ... 
Acute duodenal ulcer. . 


No pyemic lesion found... 


we 


kidneys, liver and spleen are involved with inflammatory areas. The lung 
has areas of patchy pneumonia, and thrombophlebitis is prominent in all 
lesions. In view of these findings it is strange to think of osteomyelitis as a 
local surgical condition, and it is, therefore, rational to look for an agent that 
will assist in preventing this appalling chain of full-blown septicemia. We 
have all been familiar with the treatment of the recent past: First and always, 
surgical interference with the local lesion as soon as it could be identified ; 
later, interference, perhaps when an abscess could be identified, the while 
the patient had supportive treatment with fluids, etc. We have gone through 
a stage of giving antitoxin. But the mortality records prior to the adminis- 


* Read before the American Surgical Association, May 13-14, 1943, Cincinnati, Ohio. 
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tration of sulphonamides was about 22 per cent in our series. On_ the 
whole, the results were poor from the mortality standpoint. There are appar- 
ently no records of the mortality rate in cases of osteomyelitis that did not 
have the benefit of surgery! Yet we have all seen the late case, one that 
has survived the early acute phase and has come to hospital with a single 
lesion, either undrained or opened spontaneously. We have seen, too, the 
case of Brodie’s abscess, unrecognized in its formative stage, but discovered 
and recognized as a lesion of the bone years later. Such cases amply demon- 
strate nature’s ability to deal with the acute phase of osteomyelitis in such 
a way as to prevent a fatal issue, and, indeed, alone and unaided, to cure the 
disease. I strongly suspect that so-called undiagnosed and untreated cases 
would show no such mortality as 20 per cent. 

What are the methods used by nature to subdue this invasion? Ninety 
per cent of the deaths in the past have occurred in the first and second weeks. 
The natural antitoxin developed as a reaction to toxin is useful in dealing 
with the toxin elaborated, but has no effect on the extermination of the 
invader. The human organism, kept from being overwhelmed with poison, 
is capable of producing and maintaining agencies, phagocytes, bacteriolysin, 
etc., that directly attack and destroy the invader. While this conflict is pro- 
gressing, the patient afflisted has all the signs of a reaction, and until the 
balance is well in favor of the defence, that reaction is very obvious, both 
generally and locally. From then on there is no real reason why the defence 


should not greatly increase its power so that the general invasion is wholly 
under control. The whole system of defence is apparently predicated upon the 


extermination of the invader, or at least containing him until protective sub- 
stances can be developed and he can be brought under control. The work of 
Leveul! gives a good record of a supervised, non-/ or late interfering treat- 
ment. It was published before the advent of the sulphonamides, and is a 
testimony of what is possible by simple medical means and late operation. 
In his series of 31 cases he had nine deaths, six occurring the day of admission 
or the following day, one on the seventh day of meningitis, and one on the 
eighth day of general septicemia. The ninth case was the only one that did 
not receive early surgical treatment, and he succumbed two months and five 
days after admission to hospital of cardiac failure. Of the 23 that survived, 
six had early surgical intervention; three simple incisions of abscess, one 
trepanning, and two simple resections. The 17 others were treated first 
medically. Surgical intervention was postponed from three to 49 days, all 
excepting one being simple incision of abscess. One child had a resection on 
the ninth day following spontaneous discharge from the epiphysis. One case 
had no surgical intervention. His rule was to wait for the fall of the tem- 
perature before opening the abscess. 

It is now well established that the sulphonamide drugs are capable of 
effecting a condition in the blood that will inhibit the growth of organisms. 
\Ve should, therefore, test the possibilities of this drug as an aid in treatment. 
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It would seem rational to-attempt to introduce into the blood, at the earliest 
possible moment, a sufficient quantity of drug to render innocuous, or 
impotent, organisms that are in the blood stream or in reach of body fluids. 
In the case of the staphylococcus, particularly, which operates by means of 
a toxin high in necrotizing qualities and the production of thrombosis, it is 
urgent to administer the drug at the earliest possible moment and in quan- 
tities sufficient to the need. How great the need may be can only be deter- 
mined accurately after the event, so that the assumption of the need is all 
that is required for the heavy administration of the drug. It is our practice 
to give children of about eight vears of age 8-10 Gm. daily. We are thus able 
to maintain levels of from 6 to 12 mg. per cent in the blood. Larger doses 
may be possible, even desirable, but at this level we have had a number of 
reactions. The relation between the drug administered and the concentration 
in the blood varies greatly in different individuals. Some, when given 
sulphathiazole 10 Gm., will be found to have a blood level of 4 mg. per cent 
only, while the quantities may be reversed in other cases. For instance, T. H. 
was given sulphathiazole 6 Gm. daily for 16 days, and her blood level never 
went higher than 3 mg. per cent. She then had a reaction, and had no drug 
for two and one-half days. She was then given sulphadiazene 6 Gm. daily, 
and the blood level rose to 11.9 mg. per cent. 

The other cases in this series reacting were as follows: 

J. H., age eight and one-half. Given 8 Gm. of sulphathiazole daily for one 
week, then increased to 10 Gm. daily for five days. Drug discontinued for 
two days because of high fever. Started on sulphadiazine 10 Gm. daily for 
nine days, then discontinued because of high fever and rash. All drug dis- 
continued for three weeks, then restarted on sulphadiazine 6 Gm. daiiv for 
three weeks, then discontinued because boy was complaining of severe 
abdominal pain. This stopped when drug was discontinued, and drug has 
not been restarted. Blood levels 4.5 to 8.5 mg. per cent. 

L. L., age nine. Given sulphathiazole 8 Gm. for one week, then discon- 
tinued because of rash. All drug discontinued for six days then restarted on 
sulphadiazine 5 Gm. daily for six days. Rash reappeared so all drug discon- 
tinued. Blood levels 4 to 8.3 mg. per cent. 

I. F., age nine. Sulphathiazole 8 Gm. daily for nine days, then sulpha- 
diazine g Gm. daily for seven days, then all drugs discontinued because of high 
fever and rash. Blood levels 2 to 13.9 mg. per cent. 

R. N., age ten. Sulphathiazole 8 Gm. daily for 13 days, then discontinued 
because of high fever. No drug for 24 hours, then started on sulphadiazine 
8 Gm. daily. Was able to tolerate sulphadiazine for several months in dif- 
ferent dosages. Blood levels 6.5 to 12.3 mg. per cent. 

J. LaR., age ten. Sulphathiazole 7 Gm. daily for 13 days, then discontinued 
because of high fever. Restarted on sulphadiazine, which he tolerated for a 
long period of time in different dosages. Blood levels 2.3 to 12 mg. per cent. 

B. W., age eight. Sulphathiazole 6 Gm. for four days, then discontinued 
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for 24 hours, then restarted on sulphadiazine 8 Gm. daily. Blood levels 1 to 
10.1 mg. per cent. 

It has been proved that pathogenic organisms can become drug-resistant, 
and that probably also happens with staphylococcus and_ streptococcus.” 
This would lead us to believe in large doses while the organism is still 
vulnerable. Reactions to the drug in use may make it necessary to discontinue 
its administration. Thus, when a patient is having sulphathiazole administered 
shows signs of a rash, high temperature, nausea, or blood in the urine, we 
discontinue it for a few days and then begin again with sulphadiazine. It has 
been found that this may then be borne for the remainder of the period desired. 

The question of initial large doses is so urgent that one is not justified in 
testing out the patient to estimate his ability to tolerate the drug. There 
is apparently no evidence available that patients who do not tolerate the drug 
without reaction are not benefited from its action. The sensitivity or allergy 
occurring in some patients from the drug cannot be foretold in all cases by 
skin tests, as some giving no skin reaction may react violently to the drug.* 

There is not as much nausea caused by the drug as is commonly believed. 
It should be remembered that the very ill patient is often nauseated before the 
administration of the drug, and nausea is not a valid reason for not giving the 
drug. The problem of the period during which the drug should be admin- 
istered is primarily involved with the need, and, secondarily, with the 
sensitivity that develops in the patient. 

The drug does not militate against the patient’s ability to develop his 
protective substances against the toxin of the bacteria. While antitoxin 
has been found to have been ineffective in having any bactericidal value per se, 
vet it is known to neutralize the toxin. Sulphonamides do not inhibit the 
antigenic power of the toxin. While there is much less toxin produced from 
degenerating organisms, still what toxin there is has the power to raise the 
natural antitoxin against the specific infection—witness the rise in the staphy- 
lococeus titers in the cases in his series. This is an important point, as the 
production of immune bodies is of great value in overcoming an infection. 
Again, the rise in the staphylococcus titer of a patient is of diagnostic value as to 
the recognition of the organism, since in cases that have received treatment 
early it is not often possible to recover the germ from either the blood or the 
local lesion where the latter is not opened. 

The question of positive blood culture is one that is frequently discussed as 
being an evidence of the degree of infection present. A study of our cases 
does not appear to follow any such pattern. The constancy of the finding 
of organisms in the blood of a patient cannot be accurately foretold from his 
clinical condition. Experimentally, we know that a lethal dose of organisms 
may be introduced into the blood and in a few minutes none can be recovered, 
and later can be recovered.* Since the introduction of sulphonamides the 
picture of the relationship of positive or negative cultures to degree of infection 
is more obscure than ever,. The only rational basis for study of the disease 
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seems to me to consist in the presence of a local lesion, roentgenologic changes 
being obligatory. In addition, there may be the recovery of the germ from 
the blood or pus, and the staphylococcus titer which indicates the specific 
reaction to the antigen of the toxin. When these conditions are fulfilled one 


has osteomyelitis. 

Reports of cases treated by use of the drug, with no incision of the 
lesion in bone, have been reported by Hoyt, ef al. They report no deaths 
in the 12 cases reported. These cases were all staphylococcus. This series 
constitutes a unique record, and must give thoughtful surgeons reason to 
reassess the whole problem of the treatment of acute osteomyelitis. — If 
cases will survive spontaneously, on the one hand, and if 12 consecutive 
cases will survive the acute phase with medication by sulfonamides, the part 
played by surgical incision of the local lesion is certainly not a factor in 
saving life. 


TABLE II 


OSTEOMYELITIS (JANUARY, 1940—may, 1943) 
All Received Sulphonamides 


Number of cases with late incisions of abscess. 
Number with no operation 
Number died: 
* Moribund on admission. . 
One case incised 
Mortality rate........ 


Pance 


DEATHS 


All 4 deaths were hem. staph. aureus cases. 

D. B: died 13 hrs. atter admission, undiagnosed. 
D. W. died 25 hrs. after admission. 

J. A. died 1'% hrs. after admission. 

T. C. died 3'9 weeks after admission. 


Our records of &9g cases, three moribund on admission, show, since 
sulphonamide administration, 25 not operated upon, and none dead, the others 
operated upon, and one dead; in all a mortality rate of 1.2 per cent, excluding 
the case moribund on adtiission. These results are not such that, from 
the mortality standpoint, incision can be altogether condemned when added 
to sulphonamide medication (Tables II and IIT). 

An analysis of the case that died on the 31st day, after being in hospital 
24 days, is illuminating. He was ill; had positive culture, and a sharp 
reaction. He developed an obvious superficial abscess over the upper part 
of the tibia. The knee contained thin pus, from which staphylococcus was 
recovered. On the 17th day, when his temperature was about 100°—100.5° F., 
his pulse rate 95, taking without reaction sulphathiazole g Gm. daily, with 
a blood level of 8 mg.%, it was decided to drain the abscess and the knee. 
This was done. The knee joint was opened and.a soft rubber drain pushed 
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Number 2 
through the suprapatellar pouch from side-to-side. The abscess in the 
leg was drained. His condition the next day was much worse, temperature 
up, and pulse up to 120-130. He developed no new bone lesions, but he died 
14 days later (Table IV). It now seems to me that the surgical interference 
in this case turned the scales in favor of the infection. The drainage of 
the knee and the abscess in the leg did not prevent the death of the boy 
from the spread of the disease to all the regions of his body. The result 
could not have been worse with no treatment of any kind. I now believe 
that had he had no operation he would probably have survived his acute 
infection. Cases that have appeared equally ill, with just such abscess 
and local and general symptoms, have survived when they have not been 
subjected to incision. 


TABLE IV 


Patient, Thomas Cosgrove 


Adinitted June 12, 1942 Died July 6, 1942 
Positive blood culture Drainage June 22, 1942 
Sulphathiazole 7.5 Gin. daily for 24 days 
Blood level over 6 mg. % 
Titer—June 12—2 su/cc., June 24—17 su/cc., July 3—7 su/ce. 
Anatomic Diagnosis 

1. Acute osteomylitis of It. tibia (hem. siaph. aureus) 

2. Hem. staph. aureus septicemia 

3. Abscesses of lungs, kidneys, and left chest wall 

4. Acute suppurative myocarditis 

5. Acute cardiac dilatation 

6. Early acute pericarditis 
7. Pleural effusion (bilateral) 

8. Fatty liver and acute congestion ot liver 

9, Edema of gallbladder 
10. Fibrous pleural adhesions (right) 
11. Petechial hemorrhages—epicardium, endocardium, urinary bladder mucosa 


12. Patent foramen ovale 


In the subsidence in the acute phase a dramatic change takes place. It 
occurs over a period of 10-12 hours. The general reaction of the patient 
subsides ; the intense swelling of the soft tissue at the local lesion diminishes ; 
the underlying abscess becomes more obvious in its outline; and the patient 
is comparatively comfortable. Later, the abscess may increase or diminish 
in size. When it subsides it may, in the course of three or four weeks, 
entirely disappear. In conditions where it becomes more superficial and 
enlarged it may so involve the skin that it spontaneously opens through a 
small opening. In our small experience, in a case where a sinus of this 
type is formed, there has been no large sequestrum present in the underlying 
bone. There are, however, small areas in the bone lined with granulation 
tissue and containing very small, fragile sequestra. Mostly, the cavities are 
subperiosteal and contain granulation tissue only. It seems that unless the 
abscess is too superficial it will not drain of itself and will tend to subside, 
and behave in every particular like a tuberculous abscess. Any dead bone 
within it may be disposed of by the action of the tissues and their fluids or 
may become regenerated. It may be said that a sequestrum may be dealt 
with spontaneously unless:a sinus develops or be made, in which circum- 
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stance it will be necessary to remove it before the sinus will heal. The 
pathologic change in bone, as evidenced roentgenologically, is different to 
that of cases where lesions are drained. In drained lesions there is gen- 
erally a wide destruction of bone together with a large involucrum; seques- 
tration is present in over half of the cases. The first change that can be 


TABLE V 


SES NOT OPERATED UPON 


Disease 
Staph.Titer 


Blood 


Day of 


Calcaneus Neg. Sth.*8 Gm. 3.9-5. Closed 
Femur Neg. Sth. 7Gm,  3.5- Opened spon. 
Sm. sequestrum 
A. Tibia S.A. 3 Sth. 8 Gm. .3- Closed 
123,232 Tibia Sth. 4Gm. 3. Closed 
Sd.t 8&8 Gm, 
123,929 4 Femur S.A1. 3-5 Sth. 8 Gm. P “a Closed 
124,120 Tibia Sth. 8 Gm. Closed 
Sd. 8 Gm. 
124,241 Humerus Neg. Sth. 8Gm. 5.5 .5 Opened spon. 
Sd. Gm. Sm. sequestrum 
124,830 Femur Sth. 8 Gm, 3. Closed 
119,809 Femur Sth. 8Gm,. 3. Closed 
120,043 Femur Neg. .5-9. Sth. 4 Gm. .3-5. Closed 
123,549 Femur SA. Sth. 4 Gm, Closed 
Sd. 8 Gm, 
124,464 Cuboid S.A. Sth. 8 Gm: Closed 
125,463 Femur Sth. 8 Gm, . 2-13. Closed 
125,230 LAS Femur Sth. 8 Gm. Closed 
Tibia 
122,526 Tibia i .5-3.5 Sth. 8Gm, 8.2 Closed 
125,451 E.F. 8 Tibia S.A. Sth. & Gm, 3. Opened spon. 
Sd. & Gm, Sm, sequestrum 
Sth. 8 Gm, .8- Closed 
Sd. 6 Gm, 
126,317 J.H. Tibia S.A. 2-2! Sth. 9Gm. 8. Opened spon. 
114,044 H.H. Femur -4-4. Sth. 5 Gm. Closed 
Sd. 6 Gm. 
126,819 F.N. Tibia Neg. ~; Sth. 8Gm. 614.8 Closed 
126,945 TH. Femur 5. A. -5. Sth. 6Gm. 2-11. Closed 
Sd. 6 Gm. 
126,895 K.N. Femur 5.A. 5. Sth. 5 Gm, Still in hopsital 
127,380 B.W. 5 Tibia S.A. Sth. 8&8 Gm, f Still in hospital 
127,402 Hi.M. 5 Femur S.A. Sth. 7 Gm. Still in hospital 
115,763 M.W. Lumbar Neg. 5.5-6.5 Sth. 1.5Gm. Closed 
vert. 


126,302 L.L. Tibia 


* Sth. =sulphathiazole. + Sd. =sulphadiazine. 


recognized in bone of undrained cases occurs about eight or ten days. From 
then on the lesion continues to lose density, and involucrum very much 
diminished in extent, sometimes hardly present, may be seen. There is 110 
obvious death of a large mass of bone, except in rare cases, and sequestra- 
tion is present in about 10-15 per cent of cases only. Secondary lesions in 
other bones are rare, and when they do occur, their course is very much at- 
tenuated, and a nonvirulent process with mild pathologic changes (Table \ ). 
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Fic, rA.—T. N. Six and a half weeks after onset 
of illness. Drug estimation in blood 4.6 mg. 


Titer 4.2 su/cc. 
Fic. 1B.—T. N. Fourteen months after onset of 


illness. Epiphysis affected. Pus with staphylococci as- 
pirated from joint. Diagnostic aspiration from joint. 


2B 


blood 10.8 mg.%. 


7.5 su/ec. Drug estimation in 


2A.—W. H. Twenty-sixth day of illness. Titer 


Fig. 
Fic. 2B.—W. H. Six months after onset of illness. 
N. Two months after ‘onset of illness. Titer 9.5 su/cc. Drug estimation in blood 14.6 


Fig. 3A.—K. 
Titer 16.6 su/cc. Drug estimation in blood 


Fic. 3R.—K. N. Four months after onset of illness. 
8.3 mg.%. 


325 


1A 1B 
Be 
. 
2A = 3A 3B pe 
g 
> 
3 
4 
4 
=) 
~ 
4 
a 
AS 
he 


D. E. ROBERTSON Annals of Surgery 


August, 1943 


We have had cases where contiguous joints have been involved, in one 
instance the organism was recovered from a knee joint, where the epiphysis 
of the femur was involved. This case did well, and soon became afebrile, 
with the knee returniag to normal size, and with a fair cartilage space ‘and 
movement. The swelling of joints near the lesion quickly subsides and the 
joints recover their normal freedom of movement very quickly. 

From the complete subsidence of the abscess in some cases, and from 
its apparent nontoxic presence in others, there seems to be no urgent reason 
for interfering with it. 

The cases treated in this series have had ordinary supportive treatment, 
together with sulfonamides. \We have used sulfathiazole, but it would appear 
that sulfadiazine is more readily borne and can be taken over a longer period 
of time, and a higher blood level can be maintained. It may be a_ better 
drug for the treatment of osteomyelitis. We have used no splinting except 
where a joint was involved, then traction was sometimes employed. 

The diagnosis of the condition is to be made from first—the history: 
The history of a skin lesion is nearly always available when the questioning 
is intelligent; second, the examination of the general reaction; and_ third, 
the examination of the part. No accurate localization of the lesion, as to 
whether it be in the epiphysis, the metaphysis or the periosteum, is necessary. 
This information will be available from the roentgenograms in eight to ten 
days. There may be also present about that time a local abscess that can be 
examined without pain or discomfort to the patient.. The drug should be 


given early in the disease and in adequate amounts. When it is, the 
disease will not be able to make much headway, and the mortality will be 
found only in those cases that are moribund of the infection before the true 
nature of the disease has been recognized and, thus, have not had the ad- 
vantage of adequate doses of sulfonamides. 


CONCLUSIONS 


There is reason to believe that the administration of sulfonamides in 
heavy doses early in the disease may prevent deaths occurring from this 
disease. 

An early recognition of the true character of the disease from the history, 
and the general and local symptoms is essential to adequate medication. 

The medication must be adequate, that is, large doses must be given early. 

Incisional interference is not a factor in saving lives, and may be a very 
deleterious proceeding. 
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Discussion.—Dr. KELLOGG SpEED (Chicago): Doctor Robertson's title must be 
taken literally to assay his results and to confine our attention to acute hematogenous 
osteomyelitis—namely, an infection disseminated via the blood stream (of staphylococcus 
in over 80 per cent) usually from skin or soft parts, less often from the mucous surfaces 
of nasal passages and throat or tonsils, and carried to the bones of adolescents. There 
may be some failures from medical treatment on account of the type of bacteria. 
Also, chemotherapy, even if pushed by intravenous methods to a level of 12 or 15 meg. 
per cent, may fail in some instances to maintain sufficient bacteriostatic power to 
overcome the rapidity of production and pouring out of the bacteria into the blood. 
The earlier the drug is administered, the more powerful its control over the spread to 
the host’s tissues and bone—ideally before any bone lesion is known to all. The percentage 
of occurrence of acute infectious osteomyelitis is falling off in some districts because 
the sulfonamides are widely employed in treatment of nasal and skin infections, acting 
bacteriostatically before osseous lesions may develop. After early medical treatment 
by massive doses we can believe that the results in a consecutive series of patients 
would be even better than the use of the drug plus early local and extensive operation 
which would interfere with the local blood supply of the bone, lower the resistance 
locally, and block the bacteriostatic action of the drug. My experience with this form 
of osteomyelitis in the bodies of the vertebrae, treated without operation, has been 
sad—three patients succumbing after long periods, in spite of massive dosage of the 
sulfa compound. However, I am limiting operation to drainage of known bone abscess 
and using repeated joint aspiration before open drainage. 

Among the recent reports, I believe that made by Gage is most noteworthy. Any 
concept of the osteomyelitis must take into consideration the action of the toxins 
developed; especially the purely necrogenic, and that part of the toxin which increases 
the spread of bacteria. If the sulfonamides can paralyze bacterial growth, and thus 
limit or prevent the freeing of toxins, the whole chain of events, including thrombophlebitis, 
the number of colonies free in the blood, and ultimately the amount of bone destruction 
resulting, will be reduced or aborted. A late bone or subperitosteal abscess may be 
absorbed by leukocytes and recticulo-endothelial tissues after the action of bacteriolysins 
and agglutinins. Sequestra may rarely form, and an involucrum need not appear in its 
absence. Wilson and McKeever, in their series of 32 cases in Los Angeles, found pal- 
patory evidence of involucrum in some, but at operation later saw only hyperplastic 
bone and no abscess. Together with Wilenski, they still favor operation for established 
osteomyelitis. Gage insists on daily administration of 60,000 to 100,000 units of potent 
antistaphylococcic serum until toxemia subsides. In the mild infections practically no 
hone change may appear as the toxins failed to kill bone; others may terminate as 
srodie’s abscess, with only a small local death of bone. The results also vary on the 
point of localization within the bone of the carried in‘infection. If it starts to an easy 
spread via the marrow, comparable to a rapid lymphatic spread, we can look for a 
wider death of bone and more pus; if it starts in or near the cortex and spreads only 
locally under periosteum, the result may be localized abscesses pointing to the surface, 
relatively easy to drain. 

Additional reports will probably verify Dr. Robertson’s results. We await also, 
reports on the use of penicillin, which is nontoxic and especially adapted to bacterio- 
static action against the staphylococcus and all gram-positive forms of bacteria. While 
it has not yet proven of value in subacute bacterial endocarditis, in dosages of 30,000 
to 40,000 Oxford units in 24 hours, according to Herrell, it does clear the blood stream 
of bacteria and may act favorably in acute infectious osteomyelitis. 
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Dr. Acbert Key (St. Louis, Mo.): I agree with Dr. Robertson that the time to 
treat osteomyelitis with sulfonamides is before it starts, and aiter it starts I think 
one should realize that the efficiency of the sulfonamide varies inversely with the number 
of organisms present in a given focus, and inversely with the amount of necrotic tissue 
present in a given focus. It is for that reason that sulfonamides will clear the blood 
stream and not sterilize the focus in the bone. 

I have seen a few cases of osteomyelitis that have had what the doctors who were 
treating them thought was the limit of sulfonamide therapy, in which the disease has 
progressed to the point where they got pathologic fractures. They got involvement oi 
joints and they got widespread destruction of bone. 

The question in my mind, and one which | am not yet able to decide, is: Does 
an incision for drainage—and by that | do not mean an extensive operation but an 
incision for drainage—lower the resistance locally to infection in the bone or anywhere 
else? Until there is some evidence to prove that, | believe that when, and if, you can 
diagnose the presence of an abscess in bone and your patient is in good condition, 
that should be drained. You should also give them sulfathiazole, all you think they 


can take. 

The other question is: How long are you going to keep up your sulfathiazole? 
In my experience, these cases treated with sulfathiazole, and sulfathiazole alone, have 
formed sequestra after the sulfathiazole was stopped. After function of the limb 
was resumed they have flared-up again and have eventually required operation for 
drainage and removal of sequestra. 

I still feel that there is a very definite place for surgery in the treatment of acute 
osteomyelitis, and that that place is the drainage of the abscess as soon as the patient 
is in condition to stand the operation. I do not believe that the drainage in the 
case that Doctor Robertson showed was responsible for that boy’s death. He died 
of septicemia, and he died about “14 days after his operation. 


Dr. D. E. Ropertson (Toronto, Ontario, closing) : I do not think I have anything 
to add, except to say what I might have said before, that those children who do not 
tolerate sulfathiazole were given sulfadiazine. | think probably it is just as good a 
drug, and I think with sulfadiazine one can maintain a higher level than with sulfa- 
thiazole, and it is much better borne. 

I want to say, in conclusion, when the child is recovering, and is well of the acute 
phase, and can stand an operation for the drainage of abscess, just consider whether or 
not it is necessary to drain the abscess. The child has gotten well with an abscess. 
The secondary soft tissue swelling around the abscess has subsided, leaving the abscess 
so you can examine it and delineate it easily. It is slightly tender. 

I think we make a great mitsake draining these abscesses just because they are 
easily accessible. I think when we do attack them, we probably do something that 
is not in the best interests of the patient. At all events, when they are left without 
incision the results are excellent, much better in my opinion than those incised. 
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